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THE EREPABATION AND FBYSICAL ERORERTIES OF SEVERAL 

ALIPHATIC .HmiOCARBONS AHD INTERMEDIATES 

Frani: L. Howard, Thomas ¥. Hears, A. Fookson, 
Philip Pomerantz, and Donald B* Brooks 


. . SUMMARY 

In the course of an- investigation of the knock ratings of aliphatic 
hydrocarbons, pure paraffins and olefins were prepared in quantities 
sufficient for engine tests. This report describes the methods of prep- 
aration and purification of three pentanes, four hexanes, three heptanes, 
four octanes, eight nonanes, seven decanes, four hexenes, five octenes, 
six nonenes, six decenea, arid a number of alcohols, ketones, esters, and 
alkyl halides. Moat of these compounds were highly purified. Physical 
constants measured Included freezing point, boiling point and its varia- 
tion with pressure, refractive index and density, and their variations 
with temperature. 


INTRODUCTION 


In 193 ^ the Automotive Section of the National- Bureau of. Standards 
undertook an Investigation of the. impurities present in the certified 
Iscoctene (2,2,4-trlmsthylpentane) used as a primary standard in the 
knock rating of fuels. In the course of this .work, about a score of 
paraffin hydrocarbons were Isolated and .their physical properties and 
knock ratings were determined. (See reference 1.) The information ob- 
tained in this work indicated that some of the higher paraffin hydro- 
carbons should be decidedly superior to Isooctane in knock rating. 

The resrilts of this work led to a research- project that was initi- 
ated with the objective of preparing, in quantities sufficient for engine 
tests, the paraffin hydrocarbons likely to be of Interest as components 
of combat aviation fuel . This project was begun in 1937 under Joint 
sponsorship of the National Advisory Committee for Aeronautics, the Army 
Air Forces, and the Navy Bureau- of Aeronautics and has been actively 
prosecuted since that time. The results of portions of this investigation 
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completed prior to 19^ hare teen presented in references 2 to 5» 

the syntheses and physical properties of a nymber of additional aliphatic 

hydrocarbons are described in the present paper. 

Since the objective of this work was the preparation of pure hydro- 
carbons for engine testing to determine knock rating, it was generally 
necessary to subordinate other considerations to this purpose. In many 
cases, it was therefore not possible to make detailed studies of the re- 
actions or to detenalne properties of some of the new or little-known 
Intermediates . 

Acltnowledgments are due the following people for aid and advice on 
various phases of this work: Dr. Cecil E. Boord, Ohio State Tfiiiversity, 

Dr. George Callngaert and Dr. Harold A. Soroos, Ethyl Corporation Re- 
search Laboratories, Dr. Nathan L. Drake, University of Maryland, Dr. 
Merrill R. Fenske and Dr. Frank C. Whitmore, Pennsylvania State College, 
and Dr. Frederick D. Rossini, National Btireau of Standards. 


APPARATUS 
Reaction Vessels 


Small-scale exploratory reactions were generally carried out in 5 “ 
liter glass flasks. In some cases, where an unusually low yield of 
final product was expected, 12 -liter flasks were used. The use of these 
larger flasks was discontinued in l9if-*»-, and reactions of this size were 
then conducted in l 4 -llter brass double-walled vessels. For synthesis 
on a larger scale, two copper reactors were used initially. Each of 
these reactors had a capacity of 60 liters and was double walled. Water 
at any desired temperature between 5 ° and 75 ° C could be circulated in 
the space between the walls to control the temperature of the reaction. 
The reactors were equipped with multiple -paddle stirrers (60 to 200 i^m), 
ref line condensers (multiple copper tube), separatory funnels for addi- 
tion of reactants, and draw-off valves for removal of products. These 
reactors were used until early in 194^1, when two 50"8fillon kettles (one 
glass lined, one stainless steel) were put into service. The copper 
reactors were then used as distillation receivers in conjunction with 
the large kettles. The large kettles were standard commercial items 
and were installed so that any temperature between 5 ° 150 ° C could 

be maintained in the Jackets. 


Sydrogenatlon Equipment 

Hydrogenation reactions were accomplished in hl^-pressure hydro- 
genators, designed after those described by Adkins in reference 6. 
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Three sizes were ■used, with capacities of 1, 3> an<i 20 liters. The cat- 
alyst used vas a cormerclal nickel-cm-kieselguhr preparation, which 
proved to he economical and efficient. No difficulty was encountered in 
hydrogenating any of the materials, provided they were halogen- free . 
Most, of the hydrogenation reactions took place at temperatures helow 
l60° C and pressures helow 2000 pounds per square inch. 


Stills 

For convenience, the various stills used in this work are desig- 
nated in the text hy numhers. The salient features of these stills ^e 
given in table 1. Some of these colujms are no longer in use, having 
heen supplanted hy others of later designs. Operations formerly per- 
formed in Columns 1 and 2 were later carried out in 19 and 20, and Col- 
umns 8 and 9 'vrere replaced hy 1? and l8. Column 10 was abandoned in 
1942, when Column 11 was put into operation. Columns 3 to 7 were re- 
placed hy 21 to 27 late in 1945. 

Still 1 «- This still is of the- total-reflux, intermittent take-off 
type, and has heen previously described in reference 5. The reflux rate 
was approximately I500 ml per hour in moat cases, the take-off rate be- 
ing goyomed hy the composition of the charge and the purity desired in 
the product. Samples of 78 ml each were removed automatically at prede- 
termined intervals varying from 0.5 to 24 hours. The efficiency is ap- 
proximately ninety to ninety- five theoretical plates, and the’ hold-up is 
260 ml. ■ 

Still 2 .- The column of this’ still consists of 150 actual plates, 
following the design hy J. H. Brunn. (See reference 7«) Th® volume of 
each fraction removed was 65 ml. Reflux rate was about 800 ml per hour. 
This still has also heen described in reference 5» The mechanisms of 
operation an d sample removal are the same as for Still 1. ' In' both 
Stills 1 and 2 the head temperature was followed during the ‘day hy means 
of a platinum resistance thermometer, and the timing operations were 
scheduled so that samples were jeemoved when this temperature ( corrected 
to 760 mm Hg) became reasonably constant (generally to within a change 
of less than 0 .005° C per hr) . 

Stills 3 to 9 .- Small stills patterned after those described hy 
Whitmore and, Lux (reference 8) . were used to remove other from, reaction 
mixtures, for purification of intermediates, for preliminary purifica- 
tion of final products, and for fractionation of small chargee. These 
stills are designated as, 3 to 9 in table 1. 

Still 10 .“ Prior to the construction of other large-capacity stills. 
Still 10 was used for .preliminary fractionation of commercial synthetic 
crudes. The pot was part gf a domestic ho't-water tank, th6 column a 
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length of 2-inch pipe. The talce-off was govemed hy a l/8-inch needle 
valve . 


Still 11 «- 3n order to have a higher-capacity, higher-efficiency 
still than 10, Still 11 was constructed.. The entire still is made of 
monel metal. The reflux rate Is about 4 liters per hour, as measured by 
gain in temperature of the condenser water. The tate-off rato is gov- 
erned by a commercial l/8-lncb solenoid valve, operated by an automatic 
timing device. The efficiency of the still is about sixty-five theoret- 
ical plates under operating conditions (3*5 to 4 .5 liters per hr ref Itix) . 
Safety devices Include overflow tanks for the salvaging of material dis- 
tilled throTi^ the condenser if the water is accidentally out off, a 
product overflew tank for retaining material which may be delivered be- 
cause of faulty operation of the solenoid valve, and a‘ pot-temperature - 
limit control. All openings to the still are vented to the outside of 
the. building. 

' Stills 12 to l6.- These coltmms were constructed for analysis of 
commercial crnides, purification of large quantities of material, and 
isolation of hydrocarbons from commercial mixtures. These were put into 
operation In 1943, and later (1945) Column 11 was lengthened by 4 feet 
and added to the group. The take-off on all these stills is governed by 
a timer and small solenoid vsilvee. Condensers in the larger columns are 
of the multiple cold-finger type. The columns are heated by resistance 
wire controlled by variable transformers. Temperatures are n©asured by 
copper-constantan thermocouples. Safoty devices Include overflow tanks, 
automatic pot-temperature-limlt control, forced ventilation, automatic 
carbon-dioxide fire control (controlled by thermal-plugs), and automatic 
warning if the atmosphere approaches a combustible mlxtxiro. The pots of 
Stills 12 to l6 are made of mild steel’. The columns of 12 and 13 are 
made of galvanized pipe, and the columns of l4 and 15 are made of stain- 
less steel. Condensers are of copper, brass, or monel metal. 


DETERMINATION OP PHY5ICAI, PROPERTIES 


From the plots of refractive indices, boiling points, or freezing 
points of fractions with respect to volume of distillate, those fractions 
containing the best material were selected and used for the determination 
of physical ccwistants. 

The methods used for the determination of physical constants have 
been described in reference 4. The freezing-point apparatus was modified 
in December 1944, so that additional ccxitrol of the rate of cooling could 
be obtained. This was done by installing a pumping system on the evacu- 
ated chamber surrounding the sample, so that the rate of cooling could be 
governed by the pressure in the evacuated chamber. This modification of 
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the equipment haa "been adequately described by Mair (reference 9) . 

Table 2 lists tbe measured pbyeical properties of tbe compounds de- 
scribed herein. 

The freezing-point data on 2,2,5,5-tetramethylheiane are considered 
representative, and are iD.ustrated. in figure 1. Boiling-point data on 
four compounds are shown in figure 2. These figures are presented as 
typical examples of measured physical properties. Eefractive indices 
vere measured on an Abbe type (Yalentlne) refractometer until 19^3 when 
a Bausch and Lomb precision-oil refractometer (also Abbe type) was put 
into use. An estimate of the purity of the individual compounds may be 
made from the data listed in table 2 under the heading dT;20 to 80 per- 
cent, vhlch indicates the number of degrees difference between the tem- 
perature at which 20 percent of the material had distilled and the tem- 
perature at which 3o percent had distilled. The presence of peroxides 
in the olefin samples tended to make this difference extraordinarily 
large . 


FREPiffiATION OF MATERIALS 
Grignard. Reagents 


The preparation of Grignard reagents in large quantities (up to 
330 moles) has been found to be subject to the’ same limitations as the 
preparation of small amounts, except that the yields, in general, are 
slightly larger. The methods used in typical runs of representative 
members of the aliphatic series are given as follows, and are not re- 
peated in the discussion of the veirious syntheses. Decomposition of 
reaction complexes formed by the action of Grignard reagents on various 
compounds followed the classical methods and need not be repeated. 

Methylmagnesium bromide .- To the reactor was added 100 gram atoms''’ 
(2.1|-3 kg) of magnesium turnings and enough ether to cover the magnesium. 
A small amomt of methyl bromide was added. If reaction did not start 
Immediately, a little methyl iodide (or previously prepared Grignard 
reagent) was added. After reaction had been initiated the stirrer was 
started, and methyl bromide from a cylinder supported from a steelyard 
•vras allowed to flow through a coil of copper tubing surrounded by a dry- 
ice bath where it condensed and dropped into the reaction mixture . Flow 
was regulated by a 1 needle valve. After the reaction was well 
started, cooling water was admitted to the ■ Jacket, and an excess of 
methyl bromide was added as fast as it would react. During the addition 
of methyl bromide, ether was added in 2-llter portions until the total 
ether added was 20 liters ( 200 ml per gram atom of magnesium) . The 
amount of methyl bromide added was determined by the loss of weight of 
the oylindeir, and it was fomd that practically no methyl bromide was 
lost during the operation. After addition of methyl bromide was 
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complete, tlie reaction mixtiire was warmed for 2 to 3 hours. If the mix- 
ture contained sludge or pieces of unreaoted magnesium, It was allowed to 
stand tintll the sludge had settled, and then the clear solution was si- 
phoned off. The sludge was next washed with dry ether and allowed to 
settle, then -liie siphoning procedure was repeated. If the amoung of 
sludge was small, this last operatlcaa was carried out adTantageously In 
a separatory funnel. In which the sludge could he draxm off easily. 

The yields varied frcaa 88 to 95 percent, based on magnesium, as de- 
termined hy titration. Similar yields were realized when ethyl magnesium 
chloride was prepared, hut in this case slower addition of halide was 
necessary In order to avoid the formation of appreciahle amounts of 
sludge . 

Isopropylmagneslum clxloride .- Magnesltm turnings (1.5 kg, 63 gram 
atomsy and 5 liters of ether wore placed in the reactor, and reaction 
was started hy the addition of a small amount of isopropyl chloride . 

After the reaction was Initiated, the stirrer was started and 1 liter 
of isopropyl chloride In 2 liters of ether was added slowly. After this 
first charge of chloride was complete, 5 liters of ether and the rest of 
the magnesium (I.5 kg, 63 gram atoms) were added, and cooling water was 
circulated through the Jacket. Then the rest of the chloride and ether 
was added in the ratio of 1 liter of chloride for 2.0 to 2.5 liters of 
other, until a total of 125 moles of chloride and 37*5 liters of ether 
had heen used. This addition was carried out as fast as possihle, still 
keeping the reflux from the condenser dropwise and not in a steady stream. 
About 35 hours were required for a 125-mole run. After removal of the 
clear solution from the sludge, the yield, calculated from titration data, 
amounted to 90 to 93 percent of the theoretical quantity. 

t-Butylmagnesium chloride .- This preparation was carried out in os- 
sentlally the same manner as described for the preparation of isopropyl- 
magnesium chloride, except that the addition of chloride was necessarily 
slower in order to retard formation of hexamethylethane, isobutylene, and 
diisobutylene . A 70-mole run required approximately 35 hours. The lat- 
ter half of the chloride added was more dilute than the first half (ref- 
erence 10) and the rate of addition was slowed up progressively as the re- 
action neared completion. The Jacket of the reactor was not cooled so 
much in this preparation as with the less highly branched halides. The 
tendency of t -butyl chloride to foim sludge is much greater than that of 
the simpler halides, althou^ many runs were made in which practically no 
sludge was observed. The yields varied from 80 to 92 percent. 


n-Pentane 

One gallon of commercial n-pentane was fractionated in Still 1. 
Prom this distillation there was obtained 1792 ml of material, the 
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fractions of which had a refractive index ni)^° of l-.357^ to 1.3575* A 
"■best", sample was selected for determination of physic^ constants. 


2-Methylhutane (Isopentane) 

One gallon of conmerclal isopentane was fractionated in Still 1. 
There was obtained 2200 ml of material, nD^° = 1*3535 to 1.3536, which 
was collected while the head temperature of the column was 27.87° to 
27 .88° 0 . Later a total of kj liters of high-purity material was pre- 
pared from the same source by fractionation in Still 11. 


2,2-Dimethylpropane (Neopentane) 

^ 1933, Whitmore and Fleming (reference 11) described the prepara- 
tion of neopentane by reaction between methylmagnesium chloride and 
t-butyl chloride in toluene at h5° to 50° C . Yields of h2 to 50 percent 
were reported, ' In the present work, a method is described whereby some- 
what larger .yields of purer product were obtained. 

In this work, neopentane was prepared by action of dimethyl zinc on 
t-butyl chloride in toluene at 5° C. The advantage of causing reaction 
at this temperature, rather than the often used higher temperature (35° 
to 50° C) .for .reactions of this type has been previously demonstrated, 

(See reference 2.) Dimethyl ' zinc was -prepared in the manner described 
in reference 2; however, certain improvements in the technique of han- 
dling this material have been made. 

A 5"llter, single-neck flask, which -was used for dimethyl- zinc prep- 
, aration, was placed in -an oil bath and fitted- wi-bh a 400 -millimeter 
ref 1-uz condenser , . To -bhe top of the condenser was attached a bridge of 
10 -millimeter glass tubing which led. to -the top of a similar reflux con- 
denser attached to a 5“liter, -bhree-necfc flask. This latter flask, into 
which dimethyl zinc -was distilled, was sittiated in a cold-water bath and 
■was provided with a separa-fcory funnel (500 ml) and a stirrer. A side 
arm on the bridge provided for the ' introduction of inert gas (carbon 
dioxide) , • . ... 

The zinc-copper co-uple from 960 grams of zinc dust and 120 grams of 
cupric oxide -was placed in the one -neck flask, and 1100 grams (7.75 
moles) of methyl iodide added. The -bemperature of the oil bath was 
raised to about C, and a slow stream of carbon dioxide was passed in 
■bhe side arm of -bhe bridge and out through the separatory funnel into a 
venting tube made of 2g -mill -t meter glass tubing. Reaction be'bween 
me-bhyl iodide and. -bhe couple was complete af-ter 10 hours, provided that 
the couple was sufficiently active. Vfhen reaction had ceased, .as shown 
by the cessation of refliix, the carbon-dioxide flow was s-bopped, 500 ml 
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of toluene was added to the three-necfc flask, and the top of the separa- 
tory funnel' was fitted with a tee tube . The reflux condenser on the one- 
necfc flask was heated with steam, and the ■temperature of the oil hath 
was gradually raised over a period of 2 hours to about l8o° C . This 
caused the methylzinc iodide in the flask to decompose Into dimethyl zinc 
‘and zinc iodide. The dimethyl zinc distilled across the bridge into the 
toluene in the -three -neck flask. Carbon dioxide was allowed to flow 
throu^ the top of the tee T^ile distillation of dimethyl zinc ■tme in 
progress. 

After distillation of dimethyl zinc was complete, the single-neck 
flask was allowed to cool and the side arm on the bridge connected to a 
gas-purification train comprising, in the order named, a wash bottle con- 
taining water, two bottles containing 85 -percent siolfurlc acid, an empty 
bottle, a bottle containing 40-percont potassium hydroxide, a calcium- 
chloride drying tower, and a 100- by 1.5-centlmeter tube filled i-rlth 
silica gel. After passing -through ■ this train, the gas was led into a 
condensing system comprising a copper coil condenser at -lO*^ C, a re- 
ceiver at -78° C, and finally a trap at -78° C. 

The flask containing toluene and dimethyl zinc was cooled tp 5° C, 
and 525 ml (about 4.8 moles) of t-butyl chloride in 750 of dry toluene 
was added dwlng 5 hours. During the addition of- chloride, methane was 
evolved by the reaction. After the addition of chloride was complete, 
the reaction mixture was allowed to stand I5 hours. Then the bath tem- 
perature was raised grad\ially to 50° C, during which time more gas was 
given off which -was not affected by the sulfuric acid and which did not 
condense In the -78'^- C trap . ' . 

Water was then added to the reaction mixture .through the separa-bory 
funnel. It was necessary to exercise considerable care in this opera- 
tion, since- a -Violent evolution of neopentane took place at this point. 
This, gas was condensed in the -10° C condenser, and solidified in the 
receiver. There was no discoloration of the sulfuric acid. After, about 
200 ml of water had been added and the evolution of gas had subsided, 
the apparatus was swept out with nitrogen. 

The- resulting neopentane was transferred to a glass tube and sealed. 
The yield amounted to 164.5 grams, which is 59 percent of that -theoreti- 
cally possible, based on one half the amount of methyl iodide used (2 
moles of methyl iodide give 1 mole of dimethyl zinc). The residue from 
the dimethyl zinc, which contained zinc iodide, was used to prepare addi- 
tional methyl iodide by the method described in reference 12. 

In assembling the apparatus, corks, rather than rubber stoppers, 
were used exclusively and after assembly they were coated -wl-th shellac • 

In one preliminary experiment, in which rubber stoppers were used, the 
product was con-tamlna-bed -wl-bh a laaterial which had the odor of methyl 
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mercaptan. Where rubber tubing was necessary in making connections to 
the side am on the’ bridge,' arrangement was made so that a minimum of 
rubber surface was exposed. 

The yield reported on the first run was verified later when nine 
additional runs of this preparation were- made, in which an average yield 
of 65.6, percent was, obtained. In two of these rune, -fche couple was less 
active thaii in the other preparations, and the product was contaminated 
with methyl iodide. The presence of methyl iodide -v/as characterized by 
a pink color which developed in the product after a few days. The yield 
obtained in one run was low because a stoppage developed in the purifica- 
tioh train, and some material was lost through a loosened connection. 

Freezing-point measurements made on the -material from -three experi- 
ments gave -the values -l6.6l°, -l6.6l°, and -l6.6o° C, respectively. 

These dSifa may be compared with the value -16.63 -^0.10° C, calculated 
fCr the freezing point of 100-percent-ptire neopentane by Aston and 
Messerly; -‘(See reference 13*). 


3-Methylpentane ■ 

From 75*2 moles of ethylmagnesium chloride and 37 moles of ethyl 
acetate there was prepared 3660 ml of 3-methyl- 3-pentanol, which was 
purified by distillation in Column 7 (b.p< 120° to 12h° C at 760 mm). 
Dehydration of this carblnol by refluxing with 0.2-percent p. -naphthalene 
sulfonic acid,- yielded a mix-ture of . alkenes which boiled 65° to 71° C at 
758 millimeters. This dehydration would be expected to yield chiefly 3" 
methyl-2-pentane, with a smaller amount of 2-ethyl-l-butene . No attempt 
-was ‘made to separate the two' olefins .since both compounds yield the same 
alkane when, hydrogenated . . Hydrogena-tion of this mixture -gave crude 
alkane which was filtered thro-ugh silica gel and distilled iii. Column 1)- 
to. yield 1980 ml of material which boiled’ 6ij-. 5*^ to 65.5° C (uncorrected). 
jRedistillation in Column 1 gave* 1^20 ml of hydrocarbon made up of frac- 
.tiohs removed while the head temperature was 63.319° to 63.322°' C (76I.I 
mm Ng) and for which f.l.376h to I.3765. 

' , - 2, 2-Dime thylbutane (Neohexane) . , 

The synthesis of neoheXane has been reported previously, in refer- 
ence U. Since then commercial neohexane has become available. Several 
charges of this material were fractionated in Stills 1 and . 2 . • From each 
run, only the latter half of -the distillate consisted of material having 
the properties of neohexane . The forerun con-bained -an -impurity of 
higher refractive index and' slightly lower boiling point. No extensive 
investigation was made of this forerun, but the most likely impurity was 
cyclopentane. This fact was later substantiated by the manitfactiArer. 
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A total of. 38 liters of ■ piarlf led neohexane .was prepared "by fractionation 
of 75 liters' of the commercial crude mixture in Still 11. 


2 -Me thylpent ane 

About 75 liters of commercial crude neoheiane was fractionated, to 
prepare 38 liters of 2, 2-dimethylhutane . From the distillations of this 
material, there was obtained 3320 ml of residue, which, was fractionated 
in Column 2 into k 6 fractions ; 


Fraction 

Boiling range 
(Head tempera ttire) 
(°c) 

Yolume 

(ml) 

Befractive index, 

1 to 22 
23 to 44 
45 to 46 

58.8 to 60.2 
60.2 to 60.4 
60.4 

1500 

1500 

140 

1.3748 to 1.3717 
1.3715 to 1.3717 
1.3717 to 1.3744 


Fractions 35 to 37 were combined, filtered through silica gel, and used 
in the determinations of physicsd properties of 2-methylpen'tane . 


Investigation of Butene Alkylate 

Seventy'^ five liters of Butene Alkylate was fractionated in Still 10. 
The head temperatizre was measured by means of a recording thermometer of 
the gas-expansion type. The reflux ratio was maintained at about 100 to 
1. Fractions of not more than 3*87 liters each were collected, the vol- 
ume of the fraction depending on the time -temperature curv# . After 
measurement of refractive indices,- .like fractions from different runs 
were combined and refractionated in Still 2. Fractionation of the low- 
est boiling portion from Still 10 was carried out first, then the second 
lowest boiling was added to. the residue and fractionated, and so on. 

The refractive index of each fraction was measured, and a plot of refrac- 
tive index versus fraction number was made. Samples represented by sin- 
gle plateaus were combined and redistilled in Coltmjn 1 or 2. Several 
hydrocarbons were isolated thereby, and are listed in table 3« 

2 , 3-Dime thylbutane . - The 2,3-dimethylbutene from Butene Alkylate 
( 2213 ml) was added to 1255 ml of 2,3-dimethylbutane of approximately 
the same purity from another source. The combined material was washed 
with sulfuric acid, water, sodium- carbonate solution, and again with 
water. • After it was dried and filtered through silica gel, it was frac- 
tionated in Still 2, and gave 2300 ml of material for which 
nD^° = 1.3748 to 1.3749* 
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2 , U-Dlme thylpentane . - The' 2, pentane frcm Bi.xtene Allsylate 

(2610 mIT vas refractionated in Still 2. T^ fractions for which 
nD^° = 1.3816 to 1.3817 were reserved as ■tiie hest portion, and amoxinted 
to 985 inl* 


2 , 3 -Dimsthylpantane from Isooctane 

Seventy-five liters of isooctane (a commercial mixture of branched 
chain hydrocartons) -vreis fractionated in Still 10 in the manner described 
in the preceding section. Fractions which distilled between 85 ° and 
95° C » 1.3886 to 1 . 3914 ) were combined (28,051 nil) and refraction- 

ated in Still 11. From this distillation there was obtained 7185 nil of 
hydrocarbon which boiled 89 . 7 ° to 90.0° C (np^° = Ii39l8 to 1.3921) which 
was refractionated in Still 2. The purified 2,3-dimethylpentane thereby 
obtained amounted to 4-790 ml after filtration through silica gel. The 
refractive index range nx)^°; of various fractions was 1 . 3919 i bo 1 . 3919 a* 

2 , 2 , 3 -Trimethylbutane (Triptane) 

, The synthesis of tript^e involved two reactions: (a) the prepara- 

tion of 2-chloro- 2,3”dimethylbutane, and (b) the reaction of this chlo- 
ride with dimethyl zinc. 

I 2-Chloro- 2,3-dlmethylbutane .- The a-^a^atus used wae similar to 
that, described in, reference 2 for the preparation of 4--chl6ro- 2,2,4- 
trimethylpentane . It was modified’ so that rubber stoppers were replaced 
with ground-glass connections. The alkene used was a mixture of 2,3“ 
dimethyl-l-butene and 2,3-dimethyl-2-butene,. which was formed by dehydra- 
tion of pinac.glyr .alcohol' ( 3, 3r-dimethyl-2i: butanol).. (See reference 5») 

The original-, alkene mixture contained a small amount, of 3^3“dimeithyl-l- 
butene, in addition to the hexenes, but this hydrocarbon was removed for 
use.; in .another. synthesis.. ^ • 

In 2 hours, 15 OO ml of the alkene mixture, along with excess ^dro- 
gen.- chloride, •was pas.sed throu^ two chambers kept in a bath -at -7^ C. 
Occasionally it was hepessary to remove the. baths in. order to allow the 
solidified c'hlorlde to 'melt- and, pass on tbrou^ the apparatus. The prod- 
uct, was ■'washed •with water, wi'fch 5-percent sodium-bicarbonate .solution, 
again with water, and. dried -wi-th two successive portions of fresh anhy- 
drous potassium cafbona'be. Distillation, of ■fche resulting material in 
Column 3 gave, after a forerun of unchanged alkene. 675 grams of 2-chloro- 

2 , 3 -dimethylbutane (b.p. 69 ° to 70 ° G at 190 nm Hg) . 

Synthesis of triptane .- ¥l-th apparatus like -that used in the prepa- 
ration of neopentane, dimethyl zinc was prepared from 1100 grams (7*75 
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moles) of methyl iodide and distilled into a 5"liter flask containing 
500 ml of toluene. The flask vas sxirrounded hy ice, and the chloride 
600 grams, 5 moles) in 1000 ml of toluene was added during 4 hours. The 
mlxttire was allowed to stand for 16 hours, and was then treated with 
water and with dilute hydrochloric acid. The reaction product, 206o ml, 
was fi^tionated in Colvimn 5 to give a email amount of methyl iodide, 
some oleflnic material, presumahly dime thy Ihutenes formed "by dehydro- 
chlorination of the alkyl chloride, and 297 ml of crude triptane hoiling 
at 78° to 83® C, with nj)^° = 1.3932. Tvro passages through silica gel 
gave a product of the following properties, compared with those of high” 
purity material: 


Property 

Present 

preparation 

Hi^-purity 
material 
(reference 5) 

Befractive index, 
Density, d^^° 

Freezing point, °C 
Boiling point, °C 

1.3897 

0.6896 

-26.1 

81.0 (Cottrell) 

1.38947 
0 .69000 
-25 .059 
80,879 


The yield of crude triptane amounted to 5I percent of the theoretical. 

In subsequent experiments it was found that a large excess of alkyl 
chloride offered no addvantage, a 2- to 3"P©rcent excess giving a compara- 
ble yield. The excess chloride was found to be easily removed by boiling 
the crude mixture with a ^-percent solution of potassium hydroxide in 
alcohol. 

In each of several experiments, the yield amounted to ^ to 52 per- 
cent of crude triptane. The time allowed for addition of chloride was 
varied from 3 to 8 hours, and the temperature of reaction from 0° to 30° C 
without any appreciable change in yield. In one experiment, in which iso- 
octane (2,2,l|--trimethylpentane) was used as a solvent, the yield was 48 
percent. 

. Tftider the conditions of hydrochlorination, 2,3-dlmethyl-l-butene was 
found to ajid hydrogKi chloride more easily than 2, 3 -dimethyl- 2 -butene. 

G^e xxnreacted alkene which was recovered when a mixture of the two was 
hydrochlorlnated was found to be practically pure 2,3-dimethyl-2-butene. 
Very cllght decomposition of 2-chloro- 2,3-dimethylbutane takes place 
when it is boiled at atmospheric pressure. 
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2-M6i4iyl-3"2!tliylpentane . 

This octane vas prepared hy hydrogenation of the olefins’ wliich re-' 
suited from the dehydration of 2-me1dayl-3-ethyl-3-pentanol. The carhinol 
was prepared hy the action of ethylmagnesium chloride on isohutyl Iso- 
hutyrate . 

To a solution containing 90 moles of ethylnagaeslm chloride in 20 
liters of ether was added 6335 grains (41|- moles) of isohutyl isohutyrate 
in 10 »5 liters of ether. The product was dried with sodium carbonate and 
distilled in Column 6. There was obtained 5680 ml of 2“methyl-3-ethyl- 

3- pentanol (55° to 57° C at 48 umi Eg) . Dehydration was effected by re- 

fluslng the carbinol with 0.2 percent by weight of p-naphthalene sulfonic 
acid, which gave 5235 ml of crude alfcene mixture, boiling at 114° to 
119° C. Since dehydration of 2-methyl-3“©thyl-3"pentenol should yield 
two alkenes: namely, 2-methyl-3“ethyl-2-pentene (b.p. about 117° C) and 

4- methyl-3"ethyl-2-pentene (b.p, about il6° C), both of which yield the 
same alkane on hydrogenation, no attempt was made to separate the two. 

The alksne mixture was dried with calcium chloride and distilled from so- 
dium. A portion of the distillate (4721 ml) was hydrogenated to the 
alkane, which, after two distillations from sodium and filtration through 
silica gel, amounted to 4050 ml. The compound vaa finally fractionated 
In Still 1, yielding 3300 ml of material, .which had a refractive index 
constant within 0,0001. 


2,3,3 -Trims thylpentane 

This hydrocarbon resulted from the reaction between 1 sopropylmagne - 
slum chloride and-t-anyl chloride. 

To 90,5 moles of i sopropylmagne slum chloride in 30 >9 liters of ether 
solution was added 9600 grams (90 moles) of t-angrl chloride during a 
period of about 12 hours. Stirring was continued until separation of 
solid material prevented , adequate mixing. Then the reaction mixture was 
allowed to stand 2 to 3 weeks at 15° to 20° C until no more Grignard re- 
agent was present . The product was treated with ice and dilute hydro- 
chloric acid and the resulting organic material distilled in Column, 3* 
After a forerun of ether,. Isoamylene, and t-amyl chloride, there was ob- 
tained 4400 ml of crude 2,3,3-trimethylpentane (31-percent yield^ which 
boiled 112° to 115° C» "When refractionated in Column 1^ the crtide paraf- 
fin gave 3600 ml of fractions for which nD^° = 1.4074 to 1.4075 • Redis- 
tillation of accumulated foreruns from several batches gave an additional 
quantity of puro material . From several runs a. total of 39 liters of 
pure 2,3,3-trlmethylpentane was prepared. 

Early experiments on this preparation were made in which a large ex- 
cess of G-rignard reagent was. assumed to be desirable, • but it was found 
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that the yield of product was actually decreased hy an excess of Grlgnard 
reagent. For example. In one run In which 72 moles of IsopropyljnagneBlum 
chloride was allowed to react with 57 moles of t-amyl chloride, the yield 
of 2,3» 3“trlmsthylpentane was only 21 percent. 


2,2,3-Trlmethylpentane and 2,3,h“Trlmethylpentane 

By fractionation of several cuts of alkylate mixtures, 38,6 liters 
of 2,2,3“trlmethylpentane and 37,9 liters of 2,3,^-trlmethylpentane were 
prepared. The source materials were alkylates, hydix)-codlmers, and iso- 
octanes which had accumulated at the laboratory. These materials totaled 
app3roxlmately gallons. Some of them were partially fractionated, some 
were *'as received." 

The unresolved alkylates and residues were roughly fractionated in 
Stills 10 and 11 into concentrates rich in 2,2,3-trlmethylpentane and 
2,3,^”trimethylpentane. These concentrates were redistilled in Column 11. 
Most of the material was obtained by these distillations. Foreruns, in- 
termediates, and afterruns were again fractionated in Stills 1 and 2. 

From a total of 47 distillations there were obtained 38,610 ml (at 25° C) 
of 2,2,3-trimethylpentane (np®^ = 1.4026 to 1.4029) and 37,955 ml (at 
25^ C) of 2,3,4-trlmethylpentane (nj)^° = 1.404l to 1,4045). Physical 
constants of the two compounds were measured, and agreed well with those 
measured on the pure materials, as reported in references 4 and 5* 


2, 2,5“Trlmethylhexane 

The presence of 2,2,5-trimethylhexane in' isooctane residue was re- 
ported by Brooks, Cleaton, and Carter in 1937. (See reference 1.) By 
distillation of an additional 76 liters of this material in Still 10, a 
concentrate rich in this nonane was obtained. This concentrate (4525 ml, 
b.p. 123° to 125° C, = 1.399 "to 1.400) was refractionated in Still 
1. There was obtained 2005 ml of 2,2,5-trimethylhexane with a refractive- 
index range of 1.3995 to 1.3996. 


2,3,5 -Trims thylhexane 

• This nonane was prepared by hydrogenating 2,3,5“trlmethyl-2-hexena-, 
which resulted from the reaction of Isopropylmagnesium chloride on 1- 
ohlbro-2,3“dlmethyl-2-butene. There was also formed a small amount of 
2,3,3,4-tetramethyl-l-pentene in this reaction. 

, 2, 3-Dime thyl-1.3-butadlene .- Plnacol hydrate, prepared by the method 
of reference 5, vas dehydrated to anhydrous pihacol by distillation in 
Columns 4 to 7. These distillations were carried out at atmospheric 
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Pressure 'liEitii' the hOad’ taaperature re^hed ' 122® when, pressure was 
■reduced to 8o ittlllimeters’ of mercury. At' this pre&sxnre the .anhydrous 
i>.ina6ol distilied at -111® to 11^® O'. 

in' order to ■ detsimihe the optimum conditions for con-rorsion of the 
^ycol to 2,3“Aimethyl-i,3“‘butadiene, a series of- test runs were made. 
'The re=sults are- shown in the following table ;■ 


• ■■ DEHYDRATION OP PINACOL TO 2,3-DIMETHYEBUrADIENE-l,3 ' 


■ AND .PINACOLONE (3,3-DIMETHYL-2rBOTAN0NE) 



Pinacol 

■taken 

■ > (sm) 

Catalyst . 

Yield (percent) of - 

Run 

Dimethyl- 

butadiene 

Pinacolone 

1-- •; 

^ k33 

t 

1.5 grams' 48-percent hydro - 
bromic- acid 

45 

.. f 

. ’•’19 

2- ■ 

. 500 ' 

5 .0 grams p -naphthalene stfL- 
• f.onio .acid 

■ 3$ ■ 



•500 

5 *0 • grams p- toluene . sulfonic 
• acid ' ; ■•■. . 

4o • 

.. ■ -SI 

. h-. 

. 

..'•500 

7.0 grams aniline hydro- 
■. bromide 

18 

15 


In these ©rperiments, the pinacol was refluxed with,- the .catalyst in Col- 
umns 5 -or 7* The product of each run -was. ■vmshed, dried, ,^d. distilled in 
Column 6 for analysis i ■' Prom the results, of ..these experiments, it was 
■concluded that h 8 -percent hydrohrcmic acid .'was ;,the best c^'balyst of those 
tried for -this dehydration. : By dehydrating seyersl batches of pinacol 
(.2 «5 to. ’3 .0 • kg per batch) 17 .*<• .latere of 2, 3-*,dime'tbyl"i,.3-‘Butadiene was 
prepared •which boiled 68 . 5 ® to 71 -. 5 ,° 0 at 75 ? millimeters . ..• 

" ■■■■• ■lrTChloro-2.3rdlmethyl-2-butene .-- The addition of hydrogen chloride 
■to: 2,3’^dlmethylT'l,3-butadlene, was accomplished -in the apparatus described 
in -reference -2* .The reaction chambers were kept at.- 30® C, and dry hy- 
drogen chloride and alkadiene added slmultaneoueiy , The daily output of 
the apparatus was 1.0 to I .5 liters of chloride. The product was freed 
of dissolved hydrogen chloride by aeration with carbon dioxide and stored 
over sodium carbonate. Distillation analysis showed that the reaction 
was practically quantitative. The product used for further synthesis 
boiled at 32*^ C at Ij-5 millimeters of mercury. 
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2, 3.9-Trlmethyl-2-hexene «•» To an ether solution of 62 moles of led-' 
propylmagneslum chloride was added 7.32 kilograms of l-chloro-2,3-dlmethyl- 
2-hutene. The reaction mixture hecame very viscous, and it was necessary 
to add |K>re ether at intervals. The reaction was worked up after k days 
and the organic material was dried, the ether removed, and the crude res- 
idue distilled through Column 3 ('b.p. 70° to 71° C at 90 mm, 
nj)^° *» 1.4299) • Although there was no apprecla'ble forerun, a large amount 
of hl^-'boiling material (175° to 200° C) was present. This material was 
not identified, hut la presumed to he poljmerB (dimers and trimers) of 
the alkadiene formed under the influence of the Grlgnard reagent. 

The crude 2,3,5“trtmethyl-2-hexene contained a considerahle quantity 
of chloride, .the greater part of \diich was removed ly boiling with alco- 
holic potassium hydroxide. Hydrogenation of the crude alkene gave 2,3,5- 
trlmethylhexane , tdxich was filtered throu^ silica gel and distilled in 
Column 3« Prom 25OO ml of material, there were obtained 9OO ml which 

boiled 131-.9^ C (nD^° = 1.4o60 to 1.4c6l) and 50 ml of a hydrooea?bon 
^Ich boiled l4l«9° C (i^^° = 1.4218). The latter was identified as 
2,3»3j4-tetramethylpentane by omparison with a sample prepared in another 
manner. A residue of about 1 liter which boiled above 165° C resulted 
from this distillation. This residue was probably formed by the action 
of potassium hydroxide or hydrogenation catalyst on the uneaturated halide 
which was prosent In the crude olefin. Cbvlously, most of the Grlgnard 
reagent was. dissipated in side reactions rather than by coupling with t-he 
chloride in the expected manner. This tendency could possibly have been > 
decreased by carrying out the reaction in a more dilute solution. 

This preparation was made in I939 at the suggestion of Dr. C. E. 

Boord of Ohio State Ikilverslty. The goal was the preparation of 2,3,5* 
trims thylhexane and 2,3»3#4-tetramsthylpentane. The reaction yielded 
about eighteen parte of the former to one part of the latter. These two 
hydrocarbons probably resulted from the action of the Grlgnard reagent on 
two Isomers of 2,3"dimethylchlorobutene. These two isomers probably were 
l-chloro-2,3-dlmethyl-2-butene, formed by 1,4 addition of hydrogen chlo- 
ride to the diolefln, and 3-chloro-2,3-dimethyl-l-butene, formed by 1,2 
addition. The former chloride would be expected to react with isopropyl- 
magnesium chloride to give 2,3,5”trlaethyl-2-hexene, and the latter chlo- 
ride to to give 2,3,3,4-tetramsthyl-l-pentene. 

, > I 

E. T. Cline has made a study of this reaction (reference l4), in 
which hydrogen bromide, rather than hydrogen chloride, was used. He ob- 
tained a ratio of alkenes of 1.6 parts of 2,3,5"brlm0thyl-2-hexene to 1 
part of 2,3,3,4-tetramethyl-lrpentene.' 



NACA TU iTo. 124? 


17 


2 , 2 , 4-Tr line thylhezane 

■ In 1937, Brooks, Cleaton, and Carter (reference 1) isolated an un- 
knowi nonane from the residue obtained In the distillation of isooctan© 
(2,2,4-trimethylpentane), which was tentatively identified as 2,2,4- 
trimsthylhexane t In order to eztablish the identity of this hy^ocarbon. 
a sample of 2,2,4-trimethylhezane was prepared, and a comparison of phys- 
ical properties made. 

Diisobutylene was oxidized by sodium dichromate, as described in 
reference 15 by Whitmore, Homeyer, and Trent, to give trims thylace tic 
acid and 4,4-dlmethyl-2-pentanone (methylneopentyl ketone) • The oxida- 
tion of diisobutylene isomers la discussed jisor© fully in later sections. 

To 7.0 moles of ethylmagnesium chloride in 1400 ml of ether solution 
was added 742 grama ( 6 . 5 . moles) of 4,4-dlmethyl-2-pentanone (b.p. 124° C 
at 760 mm Hg, nj)^° - 1.4038) in 800 ml of dry ether. The reaction mixture 
was allowed to stand at ^oom ten^ierature for 35 hours, refluxed for 6 
hours, and then worked up in the standard manner. The organic material 
was washed, dried, and distilled In Column 4. 3n- addition to ether and 
recovered ketone, 409 grama ( 2.9 moles) of 3 , 5 , 5 -trimethyl- 3 -hexanol and 
84 grams ( 0.6 mole) of nonenes resulting from premature dehydraticai of 
the carbinol were obtained. The pturlfled carbinol was dehydrated by heat- 
ing with p-naphthalene sulfonic acid (1 gram) to gl-ro a mixture of alkenes 
which boiled 127° to 132® C. The yield was 335 grams ( 9 I percent). This 
alkene mixture has been analyzed by Whitmore and Cook ( reference 16 ) who 
found by ozonolysis that it ccaitained approximately three parts of 3 , 5 , 5 ” 
trimethyl- 2 -hexene, one part of 2-©thyl-4,4-dimethyl-l-pentene, and a 
trace of 3,5,5”trimethyl-3-hex©ne. All tlaese compounds give the same 
alkane when hydrogenated, so no attempt was made to -separate them. 

‘ The alkenes were hydrogenated, and the product filtered throu^ 
silica gel and distilled in Column 5 . ■ The middle JO percent of the dis- 
tillate, which distilled at a constant temperature, was redistilled yin 
the same column, the middle 25 percent of the distillate from the latter 
distillation was used in the measurement of physical properties. The 
properties of the synthetic material are given in table 2 and are compared 
in the following table with the properties of 2,2,4-trimethylhexane, idiich 
was isolated. by the present authors. The identity of the two is proved 
by data on the freezing point- of the 50 :50 mixture . 
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Property 

Synthetic material 
2, 2, 4- trlmethylhexane 

Fraction from 
isooctane residue 
(reference 1) 

Bolling point at 760 mm Hg, °C 

126.54 

126.51 

Change in boiling point with 
pressure, °c/mm Hg 

00 .0503 

— 

Freezing point, °C 

-123 .4 (mp) 

“I29.53 

Freezing point of mixture, °C 

-124.19 

-124.19 

Befractlve index, iq)^° 

1.4033 

1,40312 


1.4010 

— 

Density, gm/ml, d®° 

0.7158 

®0.7153 

in 

0.7118 

— 


®The putllshed density, 0.7048 (reference 1) of the material isolated 
from isooctano residue was in error. A recalculation of the original data 
gave 0.7153# redetermination gave 0.7154. 


2, 2-Dimethyl- 3-Ethylpentane 

The synthesis of 2,2-dimethyl-3-ethylpentane was carried out in the 
following steps: (a) Reaction of t-hutylmagnesium chloride with carhon 

dioxide to give the Grlgnard complex of trimethylacetic acid, (h) reac- 
tion of this complex with ethylmagnesium chloride to produce 2,2-dlmethyl- 
3-ethyl-3-pentanol, (c) dehydration of the carhlnol to 4,4-dimethyl-3- 
ethyl-2-pentene, and (d) hydrogenation of the olefin to 2,2-dlmethyl-3- 
ethylpentane . 

To 50.2 moles of t -hutylmagne slum chloride in I8 liters of ether, 
cooled to 5° C, was added 3 kilograms of solid carhon dioxide in small 
pieces while the reaction mixture was being stirred. Stirring was con- 
tinued while the mixture came to room temperature and while it was heated 
to reflux for 2 hours. It was then cooled and 104 moles of ethylmagne- 
sium chloride in 20 liters of ether was added slowly. After addition was 
complete, the mixture was stirred for 6 hours and allowed to stand at 
room temperature for 2 days. The product was distilled in Column 6 . 

Prom this distillation was obtained 3485 grams (48.2 percent yield) of 
carbinol (b.p. 90° to 95° C at 50 mm Hg,. 151° to 176° C' at 756 mm Hg, 

n])^° s= 1.4417, d®° = 0.851). The carbinol was dehydrated by heating 
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with 3 -naphthalene sulfonic acid to give 3600 ml of alkene. Fraction- 
ation of the crude alkene In Column 5 gave 2680 ml of .purified 
dimethyl- 3 -ethyl- 2 -pentene. .The ^kene was hydrogenated, and the product 
filtered throtigh silica gel and distilled in Column 1 . From this distil- 
lation 3.650 ml of ‘constant-hoiling 2 , 2 -dimethyl- 3 -©thylpentane 
(nj)^*^ ss I.U1225 to l.kl230) was obtained. 


2, k-Dlmethyl-S-Ethylpentane 

Preparation, of 2 , 4 -dlmethyl- 3 -;ethylpentane was acccmplished by hydro- 
'■genatlon of the alkenes which resulted from the dehydration of 2 , 4 - 
: dimethyl- 3 -ethyl- 3 "Pentanol‘. The carbinol resulted from the action of 
ethylmagnesium chloride on 2, 4 -dimethyl- 3 -pentanone (dilsopropyl ketone) . 

To 76.2 .moles of ethylmagnesium chloride was added 75 moles of ' 2 , 4 - 
dlmethyl- 3 -pontanone during 2 days. The product was recovered by addi- 
tion of ice and ammonium chloride to the. reaction mixture, and by subse- 
quent distillation gave 5^50 grams (52.3 percent) of ’ 2 , 4 -dlmethyl- 3 -ethyl- 
3 -pent^ol. A pure sample was obtained by redistiliation of the beet 
portion of the crude. 

* ' ' 

The carbinol- was dehydrated with 3 -naphthalene sulfonic acid to give 
6110 ml of crude alkene mixture. A charge of 2 liters of the dehydration 
product was fractionated in Col\mm 5 for analysis. The individual olefins 
ware recovered in the ratio of 77 percent of -the lower-boiling 2 , 4 - 
dlmethyl-3-ethyl-2-pentene to 23 percent of the higher-boiling 4 -methyl- 
3 -isopropyl- 2 -pentene . A sample of each of these isomers was redistilled 
for determination of physical constants. The values obtained were; 


Property 

2 , 4 -Dimethyl- 

3-©thyl-2- 

pentene 

4 -Methyl- 3 “ 

isopropyl-2- 

pentene 

Boiling point at 760 urn Hg, °C 

•130.5 

138.7 ■ 

Refractive index, njj®° 

1.4227 

1.4349 


1.4204 

1.4326 ..- 

Density, d^° 

0.7433 

0.7584 

25 

d^ 

0 .7385 

0.7550 . 


Hydrogenation of samples of both alkenes yielded the same alkane. 
The alkene mixture (b.p, 1289 to l 4 o°'.C) was hydrogenated and the result- 
ing product distilled. in ColU3m 4 . The portion boiling 136° to. 139 °- C 
was fiiliered -through silica gel and refracticmi^ted in Column 1 . 
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In 1945 "bh© preparation was repeated on a aomewhat larger scale. 

For this preparation, 2,4-dlmethyl-3-pentaaone was fractionated' in Still 
11. Only the purest fractions obtained (h.p. 124.6° to 124.7° 0, 

nj3^® = :i.. 4 o'i 5 to 1.4017) were used in the subseciuent Synthesis.- The. car- 
binol was the product of ' reaction- of the-Grignard neagent prepared from 
260 moles of ethyl chloride with 223 moles of rSdistiiiad ketone. .The 
reaction product waS -distilled in Column 21. Until tha head temperature 
was 130° C. A sample (1660 grama) of the residue was- distilled in Column 
4. From this distillation .there 'were obtained II30 grams of pure carbi- 
nol (2,4-dimethyl-3-ethyl-3>pentanol, b.p. 94.5° to 95.0° C at 47 mm Hg) 
and about 200 grams of less pure materiel. A sample from the middle cut 
of this distillation .was reserved for -physical' constants measurements. 

•The rest of the undistilled residue was dehydrated, with; s|3,rnaphththal«ie 
sulfonic acid, and- the dehydration products w©r©.waShed> dr l.edjo and- dis- 
tilled in Column 11. Analysis of the distillation curve showed the pres- 
■ once of 77 volume percent (I3 .4' liters) - of lower- boiling- oiefin>",a^ 23 
volume percent (4.0 liters) of the higher-boiling isomer. In this distil- 

• latlon a best sample from each .of the, platea-us was reserved end redis- 

tilled in Column 17‘for physical-constants measurements. Hydrogenation 
of' the- olefins was carried out as previously described. The paraffin was 
fractionated in Columns I7, I8, I9, and 20. There was obtained lijSoo ml 
of pure hydrocarbon for engine tests. Physical constants of materials 
synthesized in •this later preparation are given in table 2. ' 

*2,2, 3-3-Tetramethyipentan© (Tetrane)^ 

The synthesis of 2,2,3, 3“tetram©thylp©ntan© (a new compound desig- 
^nated tetrahe) was first accomplished in 1940 (October-December) . .-The re- 
' - action Involved (a) preparation of 2,3,3-trime'thyl-2-butanol ( trlptanol) 
■’from 3>3"dimathyl-2-but»an.one (-pinacolone) and methylmagnosiUm -bromide, 

• (b) reaction of this carbinol with hydrochloric .acid to, give 2rchloro- 
2,3# 3-trlmetbylbutane (trlptyl chloride), and (c) reaction of -the chlo- 
ride -with ethylmagnesium chloride -to give the nonane and 2, 3,3-trlmethyl- 

• 1 -butene (trlptene). 

From ,82 mples of pinacolone and 84 moles of me-Uiylmagneslum bromide, 
56'.-5 moles of 2,3,3-trlmethyl-2-butanol was prepared. This carbinol was 
dissolved in ether, and the solution shaken with several portions .of con- 
centrated hydrochloric acid. Samples of the ether solution were removed 
periodically. The sublimation point of the crude chloride from these 
samples- rose -to 131° to 133° C . Recrystallized chloride was found to sub- 
lime at 133° C. The chloride solution was washed, dried, .and added to II5 
moles of ethylteagnesium chloride. The mixture was stlaured for 3 hours and 
then allowed to stand for .4 weeks at rocm temperattire . 

^Compoia;ds designated with asterisks -are, believed -to be -new compounds. 
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After the reaction mixture vas vorked up, the organic material was 
distilled in Column 6, and yielded 2100 ml of recovered triptene (tri- 
methylhutene) and I9OO ml of crude 2,2,3,5-tetramethylpentane, which was 
contaminated "by a considerable amount of triptanol. The carbinol was 
filtered off as the hydrate, and the filtrate dried and filtered through 
Silica gel. The volume of nonane recovered was I25O ml, which represents 
a yield of 9 percent, based on the original plnacolone. Distillation of 
this material in Column U gave IO87 ml of hydrocarbon which was collected 
at 88.6° to 88.7° C at 159 millimeters of mercury. A portion of this ma- 
terial was recrystallized repeatedly, until the refractive index and 
freezing point. were unchanged by further crystallization. Physical con- 
stants were measured on this. sample. A second run of this preparation 
was made in March 1941, in which" recrystallized triptyl chlarlde was 
reacted with an equimolar quantity of the Grlgnard reagent. In this case 
the yield was increased to 22 percent, based on the chloride. 

Procurement of 10 gallons of this hydrocarbon was undertaken in 
1941. Part of this (2.9 gal) was prepared at Ohio State University the 
rest was prepared in these laboratories. This large-scale preparation 
was carried out by a modification of the technique developed at Ohio 
State University. The chloride was added to the Grigaard reagent in 
eight equal portions, in 8 successive days, while the reaction mixture 
was kept at 35° C. 

An improved method was devised for the preparation of the large quan- 
tities of triptyl chloride necessary for this synthesis. The equipment 
consisted of -tiiree reactors, made from 30 -inch lengths of 12- inch pipe, 
closed at both ends with companion and blind flanges. One end of each re- 
actor was fitted with a small steel valve (l/4 in.) . These reactors were 
refrigerated (-30° C) and were connected to a manifold through which hy- 
drogen chloride could be admitted to each. The reactors were charged with 
triptene in wide -mouth bottles. The flanges of the reactors were secured 
by bolts and the reactors were allowed to stand until cold. Hydrogen 
chloride was then aflmltted until the pressure was 100 to 120 psi. The 
pressure gradually fell as the gas reacted until the pressure was about 
50 to 60 psi. , Then the process was repeated until there was no, appreci- 
able change in pressure dur.ing an hour. The excess gas was released, the 
system purged with dry air, and the product removed. The yield was prac- 
tically quantitative . The produc.t was uncolored and contained a. small 
amount of excess hydrogen chloride. This excess was converted to ai^l 
chloride by adding a small amount of olefin to each Jar and allowing to 
stand until reanted. By means of this technique, 20 to 35 liters of 
triptene was converted to the chloride in 1 working day. 

To 300 moles of ethylmagnesium chloride there was added 360 moles of 
triptyl chloride in eight equal portions diiring 8 days. During this time, 
the reaction mixture was heated to reflux temperature and stirred. At the 
end of 2 to 4 additional days, when all the Grignard reagent had reacted. 
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tiie mlitvir© was worked tip with Ice and hydrochloric acid and washed four 
times with water. Distillation of the ether, and of most of the tripten© 
was carried out from the reaction kettle. Ihe distillate was dried and 
redistilled in Colttmn 12 or 13 for recovery of triptene.. 

The residue in the reaction 'kettle was ‘boiled with sodium propylate 
in propyl alcohol until the product was suhstatially free of chloride. 
After the product was washed,, it was steam distilled, and the distillate 
dried end toiled with alcoholic silver nitrate to remove the last traces 
of chloride. Then the product was filtered, washed several times, dried, 
and distilled in Columns H, l8, I9, and 20, Prom two runs as doscrihed, 
which were worked up together, there was. obtained 14.92 kilograms (II6.6 
moles) of totrane which was 99*8 mole percent pure. This represents a 
yield of 19.4 percent. A total of 21.7 kilograms was prepared by this 
method . 


2,2,3,4-Tetramethylpentane and 2,3,3^4-Tetramethylpentane 

The first preparation of these two nonanes was accomplished In June 
1941 by hydrogenation of the alkenes (reference 17) formed "by the dehydra- 
tion of 2,2,3,4~tetramethyl-3-pentanol. The carbinol was prepared by the 
reaction between methylmagnesium bromide and 2,2,4-trim©thyl-3-pentanone. 
This ketone was the resxilt of oxidation of 2,2,4-trimethyl-3-p©ntanol, 
one of the products resulting from the action of t-butylmagnesium chloride 
on isobutyraldehyde . 

The method of reference 17 was used to prepare 2,2,4-trimethyl-3- 
pentanol. To 55 moles of t-butylmagnesium chloride was added 3960 grams 
(55 moles) of isobutyraldehyde. Distillation of the organic reaction 
products gave 4290 grams (33 moles, 60-perc©nt yield) of 2,2,4-trlmethyl- 
3“Pentanol. The carbinol was oxidized to pentamethylacetone (2,2,4- 
trlmethyl-3-pentanone) with potassium dichromate and sulfuric acid, by 
method of Paworsky. (See reference I8.) From 32 moles of carbinol, 
there was obtained 3150 grams (24.6 moles, 77"P©rcent yield) of ketone, 
which was distilled in Column 5* 

Tho 2,2,4-trimethyl-3“Pentanone (24,6 moles) in 6 liters of ether 
was reacted with 26 moles of methylmagnesium bromide, and the product dis- 
tilled in Column 5 until the temperature reached l43° C . At this point 
dehydration of the carbinol was beginning to take place, so the distilla- 
tion was interrupted, and the clear, sli^tly yellow residue (295O ml) 
was dehydrated With p -naphthalene sulfonic acid. 

’ From the dehydration there resulted 2410 ml of etlkene mixture, which 
was dried and distilled in Column 3* The following fractions were ob- 
tained: 
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Fraction 

Boiling Range 
(Head temnerature) 

(°c) 

Volume 

(ml) 

Identification 

1 

91 to 119 

23 

Forerun 

2 

119 to 12l|- 

1550 

3,3“Dimethyl-2- 

isopropyl-l-butene 

3 

12 h to 129 

200 

lii’bermedlate 

k 

130 to 135 

600 

2, 3 i 3 A‘*T®'bramethyl- 
1-pentene 

5 

>135 

120 

Residue 


Fractions 2 , ' 3 j and * 4 - represent a combined yield of alkenes of 15*9 
moles (65 percent, based on 2 , 2 , 4 -trimethyl- 3 -pentanone) . Samples from 
the middle of the plateaus represented by fractions 2 aneJ. 1)- were reserved 
for physical-constants measurements. No attempt was made to isolate 
2,3,l4-,lt-tetramethyl-2-pentene, a very smal-l ouantity of which was found 
by Whitmore and Laiighlin in ' reference 17 • 

The alkene fraction which distilled 119 ° 'bo 12 it-° C was hydrogenated, 
and the product was filtered through silica gel and distilled in’, Column 
3, There was obtained 1 G 7 Q ml of hydiDcarbon which boiled 135 * 7 ° to 
13 ^* 1 ° C, n^^° (uncorrected) = l,klh'J to l.ij- 150 . ("TSicorrectdd'' means 
no correction for possible instrument error.) Eedistillation of this ma- 
terial gave 930 ml collected at I33 .8° C . Physical constants were ’deter- 
mined on a sample from the center of this fraction. 

' 'I ■ ’ b I 

The blkene fraction 4 Ws treated in like manner, ' and yielded 3^7 wl 
of materi^ ’Qollected at 1^2'^ C (uncorrected), fractions 'of which showed 
ja refractive -iiidex range (uncorreebed) of I.I219 to l.k220. A.^ 

sample from ’this distillation •vra.s r eseryed/f or’ de> termination ' of physical 
censtahts. . All .intermediate fractions, foreruns, residues, and material 
eluted from silica gel were hydrpgenated and disttlled in Column 8, In 
this way, there were obtained an addi-bional 200 ml of 2,’2,3,l-tetram6thyl- 
pentane and lIf-5 ml of 2,3,3it--tetramethylpantane. 

Tests on these- two hydrocarbons demonstrated the ad’^i'eability of pre- 
paring larger q.uantities. Consequently, 10 gallons of each was synthe- 
sized at Pennsylvania State College . These hydrocarbons were purified in 
these laboratories for engine teste by ’distillation in Column- 1 . New 
pure samples for measurement of physical ■ constants ' were obtained concur- 
rently. The, improved data are given in table 2 . 
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DJjnethyl-Zlnc Synthesis of Three Tetramethylpentenes 

An olefin co-polymer fraction contalniss 3}^^^-trimethyl-?-pentene 
and 2,3,I;-triinethyl-2-pentene, was reacted with dry hydrogen chloride vua- 
til about 60 percent of the oiofin was converted to chloride. This 
chloride- olefin mixture was treated with dimethyl zinc in a solvent of 
hydrogenated co-dlmer, which contained 2,2,3- and 2,3,4-trlmetliylpentanes. 
The resultant product was hydrogenated to a mixture of hydrocarbons, all 
known to have superior characteristics. This stuiy led 't6-'the '*synibheBes 
of these compounds in a pure state by this method. 

Secondary and tertiary butyl alcohols were co-polymerized in the 
presence of sulfuric acid in the manner described in reference 19* A 
portion of the product was analyzed by distillation in Column 1 and was 
found to contain the dllsobutylenee, 2, 4, it- trimethyl-1- and -2-pentenes 
(25 percent), 3,if-,it-trimethyl-2-pentene (23 percent), 2, 3, U- trimethyl -2- 
pentene (37 percent), and hij^er-boillng material (15 percent). The rest 
of the olefin mixture was rouj^ly sep^^ated by distillation in Column 5* 
The fractions which boiled 107° to 120° C amounted to 97^0 grams and con- 
sisted of 2,3,i<'“trlmethyl-2-pentene and 3^i<-,i)-“trimethyl-2-pentene as ma.'Jor 
components. Part of this fraction (630O grams) was fractionated in Col- 
umn 2. By this distillation there were obtained’ II50 grams of 3,i^,i<-“ 
trlmethyl-2-pentene (nj)^° «= 1.4230, np^® » 1.4205, d^° = 0.7392, 
d^® = 0.7350, b.p. 112.1° to 112.8° C.y .and I865 grams of 2,3,4-trimethyl- 
2-pentene (nT}^° = 1,4275, = 1*4250, d^° = ,0.7434, d^s « 0.7391,’ b.p. 

116.3° to. 116.5° C) . 

These two alkenes were reacted separately with hydrogen chloride at 
-60° C in an apparatus described in reference 2 until approximately 60 
percent of the alkene had been converted ..to alkyl chloride. The products 
were washed, dried, and fractionated in .Columen 3* In this tmy, 7l6 grams 
of constant-boiling 3“Gbloro-2,2,3-trlmethylpentane was obtained from the 
3,.4,4-trimethj-l-2-pentene. The chloride from 2,3,4-trimeth;'’l-2-p9ntene 
(l4.10 grams) was probably a mixture of 2-chloro-2,3,4-trimethylpentane 
and 3"Chloro-2, 3,4-trimethylpentane. Since these two chlorides were ex- 
pected to yield two different nonanes (by reaction with dimethyl zinc), 
with boiling points differing by about ^0, lio attempt was made to sepa- 
rate the chloride mixture. Physical .constants measured on the chlorides 
are. included in table 2. 

2,2.3. 3-Tetr'ametlylpentane . - In the appara.tus, and by the technique 
described previously, 4.15 moles ,(6l4 grams), of 3“chloro-2.2,3~trimothyl- 
pentahe in 700 ml of isooct^e (2,2,4-trimetfaylpentane, S-4 reference 
fuel) was allowed to react with the dimethyl zinc from 7»75 moles of 
methyl iodide. The dimethyl zinc was in a so.lutlon with 500 ml of Iso- 
ootane . The bath temperature for the reaction was 7° 0 . The product was 
boiled for 2 hours with 5~P©^cent potassium hydroxide in alcohol, washed, 
and fractionated in Column 4, This distillation gave; 
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Fraction 

Boiling range 
(Head temperature) 

(°c) 

Volume 

(ml) 

Refractive index, nj) ^° 

i 

96 to 100 

1130 

1.3918 

2 

100 -to 110 

65 

1.4059 

3 to 4 

110 to 116 

231 

1.4195 to 1.4225 

5 

116 to 138.6 

27 

1.4226 

6 

138.6 to 140.3 

39 

1.4226 

7 

140.3 

150 

1.4233 

Distillation, of the residue was continued in Still 8 and gave : 

8 

140.3 

77 

1.4232 

9 (Residue) >l4o.3 

10 

1.4379 • 


■ Fraction 1 was, recovered solvent 4 Alkene’ 'by- products of the reac- 
tion, formed by dehydrochlorination of the alkyl chloride, were contained 
in fractions 2 to 5» By the low refractive indices of these fractions, 
it is indicated that this material consisted mostly of 3#^>^“trimethyl- 
2-pentene. The yield of 2,2,3,3-tetramethylpentane (fractions 6,7^ and 
8) amounted to 37 •? -percent based on alkyl chloride 4 ' Fraction 7 > .after 
filtration throu^ silica gel', had the following properties: freezing 

point, -11485° C, boiling point, 140420° to lUo.23° C at j6o millimeters 
of mercTiry; refractive index, nD^°= 144233^ “ 1 44211 j density, 

d^° ss 0f7565» d^® = 0 47527 •' It may be seen that the product was of hi^ 
purity whpn theSe properties are compared with those of the pure sample, 
as listed in table 2 # 1116 freezing point indicates a purity of about 
9945 mole percent. ■ . . 

* 1 • f ' 

2,2, 3,4-. 'and 2,3,3,4-Tetramethylpentanes .- By use- of the same proced- 
ure as, descri'bed, two runs were made in ■which a total of 8.35 moles of 
the mixture of 2-, and 3-chloro-2,3,4-trime'iaiylpentanes was reacted, at 
10° C, with the dimethyl zinc from 15.5 moles of methyl iodide. The com- 
bined products were refluxed with alcoholic potassium hydroxide, washed, 
dried, and distilled in Column 4. This operation gave: 
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Fraction 

Bolling range 
(Head temperature) 

(®c) 

Tolume 

(ml) 

Eefractive index, nj)^® 

1 

95 to 100 

2051 

1.3917 

2 - 

•100 to 115 

116 

1.4080 

3 to 4 

115 to 119 

44 o 

' 1.4269 to 1.4267 

5 

119 to 130 

31 

1.4219 

6 to 8 

130.0 to 133.5 

139 

1.4158 to 1.4150 

9 

• 133.5 t 6 134.0 

138 

1.4152 


134 to 140 

64 

1.4183 

|The residue was distilled in Still 8 

, and gave: 

11 - 

140.0 to 14 i .5 

10 

1 .4212 

12 

141.5 to 142.0 

60 

1.4218 

13 

142.0 to 143.0 

20 

1.4221 

14 

143 to 165 

10 

1 .4271 

15 (Eesldue) ■ 

u: 

83 

1 .4570 

■ 


Fraction 1 vas recovered Isooctane^ fractions 3 to k were alkene 'by- 
products, indicated to "be mostly 2,3,k-trlmethyl-2-pentene by the refrac- 
tive Indices. The total yield of tetramethylpentanes (fractions 6 to !*<•) 
amounted to 30 percent, based on alkyl chloride. These tetramethylpen- 
taiies consisted of about 71 percent of 2j2,3,^-tetramethylpentane and 
about 29 percent of 2,3,3>^"tetramsthylpentane. 

Fraction 9» after filtration throu^i silica gel, had the following 
properties: freezing point, -122.5k® C, boiling point, 133*3® to 133 0 

at 760 millimeters of mercury, refractive index, njj^® » l.klkS, 
nu^® « 1.4127j density, d^o « 0.7397, d^s „ o.735o‘. These values are in 
agreement with those reported for the pure 2,2,3,4-tetrMnethylpentane in 
table 2. Fraction 12 was filtered through silica gel, and iiie eluent used 
for measurement of physical properties. These properties were found to 
be : boiling point, l4l ,3° to Ikl .4° C at 760 millimeters of mercury,* re- 

fractive index, np^° = 1.4217, np^s =, 1.4196, density, d^® = 0.75^5, 
d®® s 0.7512. These data agree with those reported for purer 2,3,3,^- 
tetramothylpentane in table 2. 

A tetramothylpentane, assumed to be 2,3,3,4-tetramethylpentane, was 
prepared by Dlnerstein (reference 20) in 1940, by action of dimethyl zinc 
on 3-ohloro-2,3,4-trimethylpentane. Later work by Enyeart (reference 21 
and by the present authors shows that the hydrocarbon described by 
Dlnerstein was 2,2,3,4-tetramethylpentane. 
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*2, li--Dlmetlil-3"IsoprQP7lpentan0 (Triisopropylmetliane) 

The recent preparations of triisopropylcarhinol hy the action of 
Isopropyl llthim on 2,li--dimethyl“3-pentanone (diisopropyl ketone) (see 
reference 22) and hy the action of isopropyl chloride on diieopropyl 
ketone in the presence of sodium (see reference 23) have made available 
a method for synthesizing .trilsopropylme, thane (2,il-dim6thyl-3*'lBOpr9pyl-: 
pentane). A Quantity of this compound has been prepared by the use of 
isopropyl lithium. 

Preliminary work on ihls reaction was performed in several small- 
scale experiments, in each of which 10 gram atoms of lithium, 6.5 moles ■ 
of isopropyl chloride, 5.h moles of diisopropyl ketone, and 2000 ml of 
solvent were used. During this study, it was foimd that technical 2,2,4- 
trimethylpentane (isoootane) served admirably as a solvent when its iise 
was augmented by efficient stirring and. extemad. cooling of the reaction 
mixture. No preliminary purificaticn of the solvent was necessary and 
the hazards accompanying its use are much lees than those of peti’oleum 
ether, used by the original investigators. (See reference 22.) 

The preparation of the considerable quantities of finely divided 
lithium required was expedited by the use of a small laboratory;’- rolling 
mill. While the lithium was being worked in -fch© mill it was, lubricated 
and coated -with a mixture of 8o-psrc©nt isooctane and 20-percent li^t 
mineral oil applied by means of an oil can. This technique tended to 
prevent the 11-bhlum fr’om sticking to the rolls and also prevented exces- 
sive oxide formation. The rolled pieces, about 0.003 inch -bhlck, were 
cut into ribbons and then into squares in large shallow pan under iso- 
octane. 

The yields in all the preliminary rune amoun-bed to l8 to- 22 percent 
of carbinol. No appreciable change in yield was experienced when the 
reaction between Isopropyl lithium and dl isopropyl ketone was, carried out 
at 99° C‘, -fahe temperat-ure of boiling Isooctane, rather, than- at 35° C, 
the temperature used by the original investigators. 

. -After the technique of -handling the reaction had been sufficiently 
developed, a large run -was- carried out in the 50-gallon s-fcainlees-steel 
kettle. Tha to-bal' quantity of reactants used was: 159 gram atoms (1.10 

kg) of lithium, 115 moles (9 .03 kg) of isopropyl chloride, 8o moles (9.13 
kg) of dilsopropyl ketone, and 55 liters' of isooctane. The quantity of 
isopropyl chloride -was relatively larger than the.t used by -the original 
Investigators in order that a minimum amount of lithiimi be left unreacted 
and -that any loss occurring throu^ the reflux condenser be replenished. 
The diisopropyl ketone was constant-boiling material ob-balned by redis- 
tillation of -the commercial product in Still 11. 
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The kettle was flushed with nitrogen and charged with 31 liters of 
laooctane. About half the lithium was added and the reaction started by 
the addition of 1 liter of isopropyl chloride in 1 liter of isooctane, 
and by warming the (Jacket to 35 ^ C . The remainder of - the lithium was 
added in three additional charges during the next 2g- days. Diu'ing the 
first 3 days, a mlxtui’e of the remainder of the isopropyl chloride in an 
equal volume of Isooctane was added in four chargee, 

A so3.utlon of dllsopaopyl ketone in 11 liters of isooctane was 
added during 8 hours, while the reaction temperattire was held at lf-5° to 
6o° C. After addition was complete, the mixture was warmed and stirred 
for 5 hours, after which it was cooled. Decomposition of the reaction 
mixture was effected by the addition of 25 pounds of cracked ice, fol- 
lowed by a solution of 11 pounds of aumoniixm chloride in 5 gallons of 
water. The aqueous layer was removed, and the organic layer we,shed five 
times, each time with 3 to 5 gallons of water, after which it was with- 
drawn and dried overnight with potasslm carbonate. 

Fractionation of the product in Column 6 gave; recovered isooctane, 
dllsopropyl ketone, boiling point 121° to 126° C, 2355 grains^ Intermediate 
fractions, 2h0 grams) and tri isopropylcarbinol, boiling point 104° to 
110° C at 50 to 55 millimeters of mercury, 2576 grama. This represents a 
yield of 20.4 percent based on the dllsopropyl ketone added, A pfrt of 
the trilsopropylcerblnol was redistilled, and a pure sample col'.t.cfccd from 
the middle of this distillation for the measurejOient of physical constants. 

The carblnol'was dehydrated by distillation from anhydrous copper 
sTJlfate, From l6molos of tri isopropylcarbinol, l4.4 moles (90 percent) 
of crude 2,4-dimethyl-3-isopropyl-2-pentene, was obtained. Water recovery 
amounted to 80 percent. The crude olefin was dried over calcium chloride 
and distilled in Column 6, from which 1372 grams of material. _which boiled 
153.2° to 153.6° C at 756 to 759 millimeters of mercury, up®' = 1.4368 
to 1,4371 (all values uncorrected), was collected. A sample was removed 
from the middle of the distillation for the meaB^trement of physical con- 
stants . 

The olefin was hydrogenated, and distilled in Column 6, and gave 
1100 grams (80 percent) of constant-boiling material, boiling point 
156,5° C at 749 millimeters of mercury, nj)^° !» 1.4234 to 1.4236 (all val- 
ues uiicorrected) . This material contained a trace of olefin which was 
removed by repeated filtration through silica gel. Eefractionation under 
reduced pressure afforded the means of obtaining a pure sample for 
physical-constants measurements. 
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Pentamethylpentanes 

2 . g . 3 . 3 . 4-Pent ame thylpentane « - The first preparation of 2,2,3,3,4- 
pentamethylpentane was carried out in Fehruary d942 hy the reaction 
■between 2-ohloro-2, 3j3"'fcrii!®thyl‘butaae and Isopropylmagnesium chloride. 

To 30.5 moles of Isopropyl ma^esium chloride in 10.53 liters of 
ether solution, there was added, at room .temperature, 26,4 moles of 2* 
chloro-2, 3,3“trimethyl'butane (su'bliinatioh point 132.7® "bo 134° C) in 3*5 
liters of ether. After standing for 3 weeks at 15° to 20° C, the reac- 
tion mixture was worked' up in the usual manner. The product, distilled 
in Column': gave: 

l4.8 moles of 2,3,3-trimethyl-l-hutene, formed "by dehydro- 
■ chlorination of 2-chl6ro-2,3>3-trimethylbutane 

0*1 mole of 2-propanol, formed hy oxidation of the G-rignard 
reagent, found in an azeotrope trtth 2,3^3-trlmethyl-l- 
butene . ■ ■ ' 

2,2 moles of recovered 2-chloro-2, 3, S-trlmethylhutane • ■ 

3.1 moles of 2,3,3-trlmethyl-2-'butanol, preexmaably by hydrol-, 

• ysls of the chloride 

1.05 moles of C3n;ide 2,2,3,3,4-pentamethylpentane 

This represents a yield of 4.0 percent. Another run, in which 19-v3 moles 
of the -chloride was used and which was kept at. 5° C for 3 weeks, then, at 
room temperatwe for 2 weeks, yielded 0.6 mole of additional crude (3*1" 
percent yield) , 

The combined yield of crude material (300 ml) was fractionated in 
Column 8, From this distillation .there. was obtained 226 ml of material 
which boiled 163,7° to l64° C (uncorr^-ted) ., This product was redis- 
tilled in the same 'column, and there was collected I86 ml of constant- 
boiling, constant-refractive- index material. The physical constants of 
this product after filtration throu^ silica gel were: freezing point 

-37.5° C, np2° = I.436IJ d^o c 0.7803, boiling point 165.54° to l65'.56° C 
at 750-.5 mlllirieters of mercury, .. 

Later, two other methods for -the preparation of this decane were 
investigated. Bo-Kb of these methods involved the methylaticm of 2, 2,3,4- 
tetramethyl-3-chloropentane. This chloride was prepared in good yield 
from the corresponding alcohol by reaction with concentrated hydrochloric 
acid. The chloride decomposed easily -when a boiling-point determination 
was attempted at a-tmospheric pressure. It would not crystallize at dry- 
ice temperature and had an index of refraction np^° of 1.43^. The 
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cartlnol was prepared "by the reaction "between mel^l^gnes^lvim "broM^-© 
and 2,2^4-trlmethyl^3-P©ntanone. 

. I .• • • ■ ^ ‘ 

• • •• ^ , , , I . . 1 . . 

In one experiment (Novenaier 1943) on the methylatloh of ttiiB' chlo- 
ride, 1.7 moles of the chloride in 320 ml of "benzene was, added to.?.5 
moles of dimethyl zinc-, using' the previously described ted!^]]^que.. .Dis.- 
tlllation analysis pf, the- product of reaction shbyed' the. presence of 0,4 
mole (23.5 percent).’ .of 2-lsbpropyl"-3>3-dimethyl-l“Wt0ne and 0»8l mole. ■ 
(47.5 percent) of 2*,3i3,4i“tetramethyl-l-pehtene, "both formed by. dehydro r 
chlorination of the alkyl, chloride . ’ In Mdltlcai, thei'e was found", 0.38 
mole (assvaning Cj^oH^g) of material which boiled 150° to 1&°" C, and from 
idiich no pure material could be isolated. 

In another experiment (May "1944) ^ 10 .7 'moles of 2,2,3, 4-tetramethyl- 
3-chloropontane was treated with 11.0 moles of methylmagne sium .bromide 
in ether solution. The reaction was allowed to take place over, a period 
of 3 weeks at 15.° to 22° C. The "products of the reaction, as determined 
by distillation analysis, consisted of 3.0 moles (28 percent) of 2-iso- 
propyl-3,3-dlmethyl-l-butene, and 5.7 moles (53 percent), of 2,3,3j.4- 
tetramethyl-l-penteiie', .formed by.- dehyd’fcxjhlorinatibn of the' alkyl chlo- 
ride. In addition, there was found 0.5 nsole (4.7 percent) of crude 
2,2,3,3,4-pentametl^lpentane (158°- to 167° 'c,’n^ 1", 435,4 I.4369) . 

It is In’terostlng to note that in both of these .triala, "tihe dehydro- 
chlorination of the alkfl chloride' led" to approximately -the same relative 
proportions of the two nonenesj namely, one, part of 2rl8opr.opyl,“3#3“ . 
dlmethyl-l -butene,' and-; two. parts of 2,33^4-tetfamethyi-i-‘pe'i::Lt®3ce.. This, 
proportion- is not the same as occvirs "when the carbinol '.itself is dehy^ 
drated. in that case the. proportions are three parts of 2-lBopropyl-3,3- 
dlmethyl-l-butene and one part of 2,3,3>4-tetramethyl-l-pehtene. (See 
reference I5.) 

; Pentamethylpentanes frcm 2.2.3.4-v4-pentamethyi-3-"pentahol -‘I .-'In ,. 
an attempt to. pre.pare.. 2,-2,3,4,4-penta^thyipentane, .it has been found ■ . 
that .2,2,3-, 4»4-pentamethyi-3-pentanol • will dehydrate , under t,he .influence - 
of iodine .to., a mdxtinre of .two -decene’s;’ which, qh hydzOfgenatlon, yields 
both of .the. ^ntamethylpentanee; ; '■ ; ' ' 

in 1933 Whl-femore and Laughlin ( ref erenoe' 17) imported the dehydra- 
tion of 2,2,3,4,4-pentamethyl-3-pentanol by means of p -naphthalene sul- 
fonic, acid to give' 2i-trbutyl-3>-3‘”dlmethyl-i-butehe, ’without. , apprec3,able 
rearrangement. They- also reported a" small amotmt of low-boiling, ' uniden- : 
tlf led. material,' ■ ■„ ,, ; 

* f ‘ \ ' V. ■ ’ 

! • , ‘ ‘ ■ * ‘ , • f ,, . ‘ 

Since this reaction of fered a means of pfeparihg 2,2, 3,4,4rpenta- 
methylpentanej a trial;'rm^was made.- "When" the" carbjnol was dehydrated 
■with p-^naphth^eno sulfonic acid.'at'-atmoSpherlb pressure,' the products 
of the reaction consisted of isobutylene, 2,3-dlmethyl-l-butene, 
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2,3"cLJnethyl-2-'butene, and only a small ■ amotint. of hi^er-loillng material. 
No 3,3“dlmethyl-l-'butene was foimd in the reaction products. Dehydration 
of the carhinol with iodine was found to yield- a mixture of decenes, com- 
posed of 2-t-'butyl-3,3-dimethyl-l-‘butene ai^ 2,3,3,4,lt-pentamethyl-l- 
pentene. 

Tl) Preparation of 2,2A~trimethyl-3~pentanone and 
2,2,4 A-tetramethyl-3-pentanone 

Preparation of 2,2,li--trlmethyl-3-pentanone was made hy the Haller- 
Bauer synthesis (reference 2k) in toluene solvent by the action of sodium 
amide and then methyl sulfate on 2,J«--dimethyl-3-pentanone. Sodium amide 
was made in 90 " to 9^-"Pei’cen.t yield ‘byth© Mthod described in reference 
25 . The crude 2,2,4-trimethyl-3-pentanone was methylated a second time 
by the same method to give 2,2,^,ii--tetramethyl-3”P©ntanone.. The manipu- 
lative details of these reactions are described by VJhitmore and Laiighlin 
in reference I 7 . The over-all yield was 5& percent of that theoretically 
possible, calculated without including recovered 2,lf--dimethyl-3'-pentahone 
and 2,2,4-trlmethyl-3-'P9ntanone, which were recycled in the synthesis. A 
charge of this ketone was fractionated in Column 1, for the isolation of 
a pure sample for physical-constants measurements , In the same colvimn, 
a sample of the 2,2,k,l4-tetramethyl-3-pentanone was also, distilled for 
the. same, purpose . 

( 2 ) Preparation of 2,2.3.^.^"P©ntamethyl-3-pentanol 

. f 

A , solution of 10 moles of methylmagnesium bromide was reacted with 
8.75 moles of 2,2,4,k-tetramothyl-3-pentancne and the product worked up 
in the usual ma nner. Fractionation of the product in Column k at a pres- 
sure of 5t millimeters of mercury gave a forerun of 307 ini of material 
which boiled below 105*^ C . At this point the carbinol began to solidify 
in the condenser and the pale yellow material remaining in the pot was 
found to be quite pure carbinol (melting pcl:::t above 37° C) . A portion 
was recrystallized from ether for use in the determination of physical 
properties . The yield amoimted to 75 percent of the, theoretical quantity. 

( 3 ) Dehydration of 2,2.3.^.^-pentameth.yl-3-pentanol 
with P -naphthalene sulfonic acid . . 

Dehydration of 897 grams ( 5.7 moles) of 2,2,3,l(-,k-pentamstt-ayl-3- 
pentanol with 8 grams of p -naphthalene sulfonic acid under a fractionat- 
ing column resulted in the distillation of a water layer, an organic 
layer (855 nil), and about 50 ml of material collected in a dry- ice trap. 
The organic layer, which smelled strcmgly of sulfur dioxide and hydrogen 
sulfide, was washed, dried, and distilled from sodium, and gave the fol- 
lowing fractions: 
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Fraction 

Bolling range 
(Head temperature) 

(°c) 

Tolume 

(ml) 

Refractive .index, np’^° 

1 

54 

4 


2 

54 to 57 

65 

1.3908 

03 

51 to 71 

26 

: 1.4033 

4 

71 to 73 

. 23 

1.4084 

5 

73 to, 75 

365 

1.4100 

6 

75 to 150 

35 

• 1.4223 

7 

150 to 153.2 

24 , 

■1.4375 . 

8 

153.2 to 156.5 

33 

1.4400 

9 

156.5 to 157 

14 

. 1.4411 

Residue 

157 

22 



^Dletillation interrt^ted . 


A consldera'ble quantity of gas was evolved during tha distillation. 
This gas toiled at atout - 4 ° C, was readily atsorbed in eulf.uric acid, 
and absorbed broiolne. Regeneration from. s\ilfuric-aoid solution by neu- 
tralization resulted in t-butyl alcohol. This identifies thq gas as iso- 
butylene. Ihe other principal products of the reaction were .fraction 
2(2,3"dlmethyl-l-butene), fi action 5 (2,3'’dtmethyl-2-butene), toa frac- 
tions 7 and 8, which probably contained a rclTcture of 2 , 3 ; 3 , 4 , 4 -pehta'- 
inethyl-l-pentsne and 2 -t-butyl- 3 , 3 ”diioethyl-l-butene. Since the products 
of this distillation did not yield the desired.’ coa-polinds in any appreci- 
able quantity more elaborate analysis was not" undertaJfeen . 

( 4 ) Dehydration of 2 ,' 2 , 3 . 4 , 4 -pentemethyl- 3 -pentanpl 
with idd.ine = , . , 

A charge of 2 . 2 , 3 , 4 , 4 “pentamfithyl- 3 -per-ta’iol (640 grams, 4.1 moles) 
was refluxed with 4 grams of iodine and the pioduct distilled through a 
short' fractionating column, yielding 70 ml of water and 700 ml of organic 
material. The organic layer was washed^ dried, and fractionated roughly. 
The distillates from three runs were combined, yielding I950 ml of mate- 
rial which, cai further fractlomtlon, gave I800 ml boiling l4o° to 155 ° C. 
The residue was semisolid and had an odor Biinllar to that of a carblnol. 
The l 4 o° to 155° C fraction was redis-billed into the follo'wlng fractions: 
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Fraction 

Boi2.ing range 
(Head temperature) 

(°c) 

Volu33ia 

(ml) 

Eefractive. index, nD®° 
(uncorrected) 

1 

100 to 148.2 

55 

1.4314 

2 

148.2 to 149.0 

43 

1.4348. . 

3 

149.0 to 149.6 

283 

1.4355 ■ ■■ 

4 

149.6 to 151.0 

460 

1.4355 . 

5 

151.0 to 152.0 

190 

1.4367 - ■ ■ 

6 

152.0 to 153.0 

55 

1.4381 .. 

7 

153.0 to 155.0 

50 

1.439$ . . , . 

8 

155.0 to 157.0 

26 

1.4410 


A const?jit-l3oillng portion of fraction 3 was rese3:yed for determi- 
nation of playslcal constants and ozonoiysis. At 157° C# solid .material 
started to fom in the condenser; so the distillation was stopped. The 
cooled residue in the flask -was solid, melting at 3^*5° to 37*5° C-, hut. 
a mixture of this compQimd and the original carhinol was liquid at room 
temperature. The material was soluhle in ether, insoluble, in water, 
slightly soluhle in 85-percent phosphoric acid and was . unaffected hy 
sodium. 

Analysis showed the presence of 83 .1 pei*cent carhon and I3.8 per-' 
cent hydrogen. Because of the Tolatiilty of’ the compound, these results 
soy bo low. By extending the CH content to total ICO percent, the anal- 
ysis was calculated to 85.8 percent carhon and Ik , 2 percent hydrogen, 
which agrees with the analysis of an alkene. The molecular wei^t was 
found cryoscopioally to he 142.1- (theory for ® l40.l). 

At this point the distillation of the solid olefin •vm.s continued 
eif ter ■provision had been made to. prevent solidification of material, in 
■ttie .ccandenser.- This distillation gave the f^.ZJ.ov±ng fractions f ■ • 


Fraction 

Boiling range 
(Head temperature) 

(°c) 

, Wel^t 
' (grams) 

■ 9 

157.0 to 157.2 ■ 

• ^30.1 

10, 

157.2 to 158.0- 

• 18,6 

11 

158,0 to 158.2 

18.4 

12 

158.2 to 158.2 

27.7 

13 

158.2 to 158.9 

28.1 

14 

158.9 to 159.0 

28.3 

15 

159.0 to 159.0 

28.2 

Residue 


39.1 


Ozonolysis was performed on fraction 15 
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Ozonolysls of Alkenes 

(a) Lo^rer-ljoillng aJ.kene (2-t-'bntyl-3j 3"^iiiisthyl-l- 
"butene) 

Ozonlzation of 0.21 mole of alkone In 300 ml isopentane at -5° to 
-10° C was accomplished in 12 ho’irs. Oxygen ccntalning ?•? percent ozone 
was used at the rate of 7500 m.1 per hour. The solvent was not removed 
prior to decomposition, "because the ozonlde proved 'to he a solid. Decom- 
position was effected hy means of the technique developed hy "Whitmore and 
Church in reference 26 . Tlie reaction was of medium violence and gave 
rise to 36*5 ml of oil and 150 3nl of water la^-er. Analysis of .the water 
layer showed the presence of 0.I6 mole of formaldehyde and no other low- 
molecular-weight aldehyde or ketone. The oil was distilled to yield 
24.3 ml of 2, 2, i*., 4 -tetramethyl- 3 -pen tanone ("b*?* 150° to 155° C), whjch, 
when treated with methylmagneelum hromlde, gave 2,2, 3,4,4-pentamethyi-■3- 
pentanol, the identity of ■^dilch was proved hy a mJ.xed melting point with 
a known sample . 

(h) Eigher-hoillng alkene (2,3,3,4,4-pentamethyl-l- 
pentene) 

In the same manner as descrlhed, 0.11 mole of the hlgher-hoiling 
alkene was ozonized in 300 ml of isopentane at -10° to -20° C to yield 
0.071 mole of .formaldehyde and 9 grams of en oil (h.p. 17'2° 0, 
np®'^ «s 1.4 i 49)^ This oil gave a positive iodoform test, and ■ was oxidized 
hy 50-percent nitric acid to 2,2,3,3"'t©"t3:’a-methylhutanoic acid. (See ref- 
erences 27 and 28,) After several crystallizations from alcohol, this 
acid melted at- 196^ to 197° 0, the same value reported in reference 29. 
The neutral equivalent was found to he 147.3 , The amide was prepared end 
found to melt at 201.5° to 202 <,2° C, which agrees with the melting point 
(201° to 202^ C) found "in reference 29. The ketone gave a 2,l|-djnitro- 
phenylhySrazone which melted at 182° to 183° C . The ketone was therefore 
considered to he 3^ 3^4,4- tetramefchyl-2-pentanone . (Analysis: F founds 
17.20, 17.28 percent,' calcjilated for CisH^sF^Oei 17.27 percent.) 

(6) Hydrogenation of the deceiies 

The crude lower-hoillng alkene from the dehydration of 2, 2, 3^4,4- 
pentamethyl-3-pentanol (fractions 2 to 8) was hydrogenated and filtered 
through silica gel. Distillation in Column 5 gave: 
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If action 

Boiling range 
‘ (Head temperature) 

(°c) 

Tolume 

(nil) 

Oq 

Eefractl-ve index, '• njj 

1 to 2 

153 A to 158. k 

160' 

1.4296 to 1.4304 

3 to 8 

i58.lt- 

. 300 

. 1,4306 to' 1.4307 . 

9 to l^t- 

I58.U to 159*8 

303. 

1.4307 to 1.4313 

15 to 16 

. 159.2 to 161.7 

. 97 

1.4320 to '1.4341 

Eesldue 


kj 

1.4360 


An aneilysis of the distillation ciirve showed the presence of 735 nil of 

2.2.3, U,J4^-pentameth3rlpentane and 112 ml of 2,2,3,3yii-pentam0thylpentane., 

Hydrogenation of the hlgher-hoiling > alkene was carried out 'in- a' ’ 
solvent (2,2,4-trimethylpentane) . . Distillation gave, in addition to the 
solvent, a small forerun and 2kj ml of ‘fractions collected at 163° to . ■ ' 
l6k° C = 1.^358 to l.k36l). The "best: samples of hoth decanes were: 

reserved for measurement of physical constants. • ‘ ’ ' • 

The yield of alkanes Isolated in the.-pure state (calculated on ' 

2.2.4, k-tetramethyl-3-pentanone) amounted to 25.8 percent: of 2^2,3,k,lt- 

pentamethylpentane and ll.Ji- percent of 2,2,3#3^^‘''P^iitametl^ipeht^e» . 
These yields could not he used to form a definite" opinion of the reac- 
tion, nor can much wel^t "be placed. on the ratio of -products found, 
since a loss experienced in the distillation and handling of the hi^er 
ho'iling decene is not accounted fori • ■ ■ ' * ”• 

Fentamethylpentanes from -2;2,-3.^.^'‘-pentametlrfl-3-pentanol - II .- ■ 

The second rm of this series of reactfons was made to increase the ■ 
stock of hydrocarhons and to obtain more information on the ratio of ' 
products formed hy dehydration of the carhinbl. ' 

(1-) .'Preparation' =of ■2.2.4-trimBthyl-3-pentanone ' 

•Por this’ second 'synthosla,- •'an easier method was’ devised for making 
2,2,k-trimethyl-3'--penfanone. .This "method -was "aii’ adaptation of that de- ' 
scribed: by Hef- in reference '30 -who obtained this .ketone by the -exhaustive 
methylation of acetone, methylisopropyl ketone, diethyl ketOne, or 
pinacolono with methyl iodide and potassium hydroxide in a setaled tube 
at l40° C. The'-method used in' the; present WQi:it subbtit-uted.; the less ex- 
pensive methyl bromide for methyl iodide in the methylation of commercial 
2-,k-dime'thyl-3-pentanone . .■-i . .. o 

• Several .funs of various ’'aizes were' made and the results are 'sim- 
marized in -the following table : ' . - - > ■. 1 -■■■'. 
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METHYLATION OF 2,U-DIMETHYL-3“PE]!iTAN0KE 


( 

Methylating 

agent 

(moles) 

' 

2,4-Dlmethyl- 

3-pentanone 

(moles) 

Potassium 

hydroxide 

(moles) 

Temperature 

(°c) 

Duration 

(Hr) 

Yield of 2,2,4- 
trlmethyl-3- 
pentanone ^ 
(percent) 

CH 3 I ( 1 . 5 ) 

1.2 

3.5 

l40,to 160 

7.0 

55 

(CH3)^04(1.5) 

1.2 

■ 3.5 

140* to 160 

B 

0 

CHgBr (4) ■ 

4 

12 

160 to 170 


35 

CHsBr (4) 

4 

12 

140 to 150 


15 

CHgBr (4) 

4 

12 

190 to 200 

• 11.7 

35, 

CHaBr (4) ’ 

4 „ 

6(CaO) 

190 to 200 

8.0 

0 

CHsDr (47.7) 

. 39 »6 

120 

200 to 215 

. 8,0 

57 

CHgBr ( 47 . 7 ) 

39.6 

120 

190 , to 200’ 

10,0 

54 

CHaBr (47.7) 

39.6 

120 

200 to 230 

8.0 

47 


^ased on 2,lt-dlm!sthyl-3-pentanone consianed. 


These reactions were carried out in hydrogenation' 'bcinibB. The homh 
was chilled hy solid carton dioxide and charged with the, reactants, then' 
sealed and heated to the temperature indicated. Since the reaction is 
exothermic, it was' found difficult to hold a predetermined narrow temper- 
ature range. (The operation could prohatly "be made more efficient "by 
pumping the methyl- tromide into the reaction vessel as it is consumed hy 
the reaction in order. to obtain more stable reaction conditions.) When 
the reaction was complete the bOmb was cooled and the contents washed 
•well with watery, dried, and fractionated. In 'one experiment an attempt 
was made to distill the residue grams) . It was found to contain 

lachrymatory-'materlalB., but little, if any,’ 2,2,it,4-t6tramethirr-3- 
pentanone. None of this compoiaid was found by Nof in any of his methyla- 
tion products. 

V ' 

(2) Preparation of 2.2,4.4-tetrameth.yl-3~pentanone 

r 

While tho preparation of 2,2,4-trlmethyl-3”P©nt8none was in progress, 
a now and simpler method for synthesizing 2,2,4,4-tetramethyl-3-pentanone 
was described by Bartlett and Schneider ♦ (See reference 23* ) This new 
procedure eliminated entirely the necessity of using sodiian amide in the 









MCA TIT No . 121^7 


37 


synthsslst The Bartlett and Schneider reaction involved interaction "be- 
tween t-.butyl chloride, methyl trlBKthylacotate,i and sodium sand to give 
a mixture of 2,2,4-,4-tetramethyl-3-pentanQn^' anci? 2,2,if-,l^'-tetramethyl-3 
pentanol. as, major products, _ ■ 

Several small-scale runs (1.6 to 2.0 molSs) of this reaction were ‘ 
made. There was no apprecla"ble difference In the yields of ditertiarj'- 
butyl. compounds from reactions in Which -technical isoootane (2,2,4-- 
trimethylpentane) was used as a solvent and those in which isopehtane 
was used. Since the former solvent is considered safer, it was used in 
the majority of the trial runs and in the large-scale run. Slightly 
larger (2 to 5 percent)' yields were c"btained when sodium sand was used 
rather than sodium wire". In none of the small-scale runs did the yield 
of • combined di tertiary-butyl compounds’ exce&d 53 percent. (Bartlett 
and Schneider report yields up to 71 percent.) ' After the technique for 
liandling this reaction had "been sufficiently developed, a large run was 
made in the stainless-steel kettle.' 


(a) Methyl trimethylacetate 

To a solution of 53 kilograms (177 moles) of sodium dlchromate di- 
hydrate (technical) in 98 liters of water in the glass-lined reactor was 
added 39,9 liters of concentrated sulfuric acid. The solution was heated 
to 82° C and 6.6 kilograms (59 laoles) of 2,4,4-trimethyl-2-pcntene (97 
percent pure) was added pver a period of 5 hours. The rate of addition 
was regiilated so that the temperatTire of , the' mixture did not exceed 88° C. 
Then about 3 liters of methyl alcohol -was added to use the excess dichro- 
mate, .and the mixture was subjected to steam distillation. There were - 
obtained 5*78 kilograms of organic layer and about 36 liters of aqueous 
layer. The aqueous layer yielded, on distillation, an additional 0.82 
kilogram of organic material. The crude product was distilled in Col":- ’ 
umns 4 and 5, and yielded 3*91 kilograms of trlmethyl acetic acid' (b.p. 
160° to 165° 65 .0 percent yield) . The methyl ester of trlmethylacetic 

acid was prepared in the usual manner by' refluxing a solution of the' 
acid in methyl alcohol. Sulfuric acid was used- as the catalyst. 


(b) 2,2,4,4-Tetramothyl'-3-pentanone ' • ' < ' 

Sodium sand, from 6.8 kilograms (300 moles) of sodium was prepared 
under toluene (22 liters) in the usual manner. The mixture was cooled 
to 15° C and 16 liters of technical isooctane (2,2,4-trimethylpentane) 
and 16 kilograms (173 moles) of t-butyl" chloride were added. ■ After the 
reaction was initiated by the addition of a small quantity of ester, the 
remainder (total 7.9^ kg, 68,5 -moles) was added during '4 hours, ^ilo 
'the temperature was maintained at 35° to 4o° C . Stirring was continued 
for 8 hours, then the mixture ws allowed to stand overnight . The prod- 
■ uct wa5 worked up In .the manner descriTjed by Bartlett end- Schneider In 
reference 23* Distillation gave 2.57 kilograms (l8,l moles) of -'2/2,4, 4.- 
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tetramethyl-3“Pentanon.e (t.p. "to 158.0° C), 666 grams of Inter- 

mediate, .and 2 .72 kilograms ( 18,9 moles) of 2,2,k,li--tetramethyl-3"Pentanol 
(■fa.p. 167° to 173 ° C).. Including -fee intermediate, this represents a 
yield of approximately 6 l percent, "based on methyl trimethylacetate. 

The car"binol fraction and the intermediate containing car"blnol were 
com"blned and oxidized in two "batches. In each hatch I .36 kilograms' 

( 9.45 moles) of carhlnol and 333 of Intermediate were suspended in 

a solution of 1255 grams of sodiim dlchromate dihydrate in II 70 ml of 
water. • While the reaction mixture was held at 4-5° to 6o° C, a solution 
of 2300 ml concentrated siilfirric acid in 217 O ml of water was added dur- 
ing 2 days, after which the reaction mixture was stirred and heated to 
50 ° C for 1 day* The organic material was then steam distilled, dried, 
and fractionated. There was obtained 1.35 kilograms (9*52 moles) of 
ketone (h.p. 151° to 154° C; 78 percent yield). 

In the same manner, all the 2,2,4,4-tetramethyl-3“Pentanol obtained 
in the several preliminary runs was oxidized to ketone, and all the 
ketone from the several sources, was combined. This included a small 
amount prepared by the Haller-Bauer reaction, (See reference 24.) 

(c) Preparation and dehydration of 2,2,3,4,4- 
pent amethy 1- 3 " pent anol 

The 'pentamethylpentanol was pi'epared in the manner already described. 
From 6i^6 kilograms (49 .C moles) of 2,2.4>4-tetramethyl-3-pentainone there 
was obtained 4.84 kilograms (30.8 moles) of 2, 2, 3, 4, 4- pentemethyl-3"Pentanol 
( 62.6 percent yield). Dehydration of the carhlnol was caused by refluxing 
'irtth iodine.' In a trial run, 332 grams (I .98 moles) of carhlnol was 
boiled with 3.3 grernis cf' iodine. During 2 hours, 93 percent of the theo- 
retical quantity of water "was eliminated and collected. The organic layer 
was washed with sodiimi. tliiosuLfate solution and with water, dried, and 
distilled in Ooluisn. 17 . The charge was 246 grams. The decene fractions 
(b.p. 145 ° to 158 , 9 ° c) weighed 216.6 grams (1.54 molesj 78 percent) , 

Analysis of the distillation' curve shewed that these fractions consisted 
of equal parts of the two isomers, 3,3,-dimethyl-2-t-butyl-l-butene and 
2,3j3,4,4-pentamethyl-l-pentone. Treatment of the main portion cf the 
car"blnol for the preparation of the pentamethylpentanes followed the pro- 
cedure already described. 

2,2,5,5-TetramethylheXane and 2,2,4,5-Tetramethylhexane 
‘ * * * 

The synthesis of 2,2,5, 5 - and 2,2,4,5-tetramethylhexanes was accom- ' . 
pllshed by the following reactions: (a) oxidation of 2,4,4-trlmethyl-l- 

pentene to 4,4-dlmethyl-2-pentanone (methyl neopentyl ketone), ("b) oxida- 
tion of this ketone to t-butylacetic acid, (c) conversion of .the acid to 
methyl , t-butylaoetate, :(d) ••reaction of the es'ber with ■'t-butylJEfiiSneslum 
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chloride to give 2,2,5,5-tetramsth7l-3-hoxanol, (e) dehydration of the 
carhlnol to a mixture of 2,2,5,5-tetramethyl-3-hexone, 2,3,5,5"tetra- 
methyl-2-hexene, and 2, 3^5»5“tetrame'Uayl -1-hexene, (f) hydrogenation 

of the first -named alkene to 2,2,5;»5"tetramethylh6xane and of the last 
two alkenes to 2,2,4,5-tetramethylhexaiie,. 

Oxidation of 2,4,4-trlmethyl-l-pentene .- The oxidation of 2,4,4- 
trlmethyl-l-pentene was carried out essentially In the manner disclosed 
hy Whitmore, Hcuneyer, and Trent- In reference 15 • Several runs were made 
using olefin of 95-percent or hl^er purity. (The Isolation of this 
olefin Is described later.) In a typical run, 101 moles of alkene was 
oxidized during 10 days with sodium dlohroaate by the slow addition of 
sulfuric acid. There were obtained l800 grams of acidic material and 
9360 ml of neutral oil which, upon distillation in Column 3# gave 2154 
ml of forerun, 4150 grams (3o»^ moles) 4,4-dimethyl-2-pentanone (b.p'. 
123° to 126° C), and 2000 ml of residue. This yield of ketone is equiv- 
alent to 36 percent of the theoretical amount. The acidic material was 
found to be a complex mlxtxire containing only minor quantities of tri- 
methylacatlc and t-butylacetic acid,, and was not further investigated. 

Oxidation of . methylneopentyl ketone .- The hypohallte oxidation of 
the mel^ylheopentyl ketone to t-butylacetlc acid was acccmpllshed by a 
modification of the reaction disclosed in reference I5. There sodium' ‘ 
hypobromlte (prepared from bromine and sodim hydroxide) was used, while 
In the present work’ the less expensive, commercially available calcium ’ 
hypochlorite was used . Several small preliminary rtms were made to ' 
develop familifiirity with tha reaction before a large run was undertaken. 
Three large runs- were made, ono of which Is^ described. 

■■ A' solution- of l4,0 kilograms of technical sodium' hydroxide in 38 
ll’bors of water "was prepared. This .solution was cooled to 19° C.and to 
it were added .about 90 -kilograms of cracked Ice and I3 kilograms of, com- 
mercial calcium hypochlorite (70 -percent chlorine). The temperature 
thereby obtained was about -4° C. The ketone (50 moles) was then added 
during 3' hours. The ten^erature of -fche reaction mixture re main ed below 
+5° C during this addition. An additional 25 kilograms of cracked Ice 
was added and the mixture stirred for 10 hours, after which it was 
heated to '65° to 70° 0 for 5 hours. -After cooling the mixture to 20° C, 
19.7 liters 'of sulfuric acid was added slowly and the products steam 
dls'tilled. The crude product was distilled in several batches from a 
1-liter Clalson flask.- There was obtained 4070' grams (31*3 moles; 63 ’ 
percent) of acid collected bot'ween l80° and 190° C. No further purifi- 
cation of the acid was made, , ^ 

Conversion of t-butylacetlc acid. to methyl t-butylacetate .- The. 
methyl ester of t-rbutylacetio.vacid was made In the orthodox manner. - 
a typical run .a solution of 4l40 grams (3r5»T moles)- of, acid and 300 ml 
of concentrated sulfpric acid in 10 liters (250 moles), of methanol was 
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heated to reflux for two periods of 7 hours each. The crude product oh- 
talned was' distilled In Column 5 and gave 35^0 grams (27.4 moles j 7^.7 
percent) of ester, which was collected at 125° to 127° C. 

Preparation of 2.2.5.5~tetrameth.yl-3-hexanol .“ The preparation of 
2,2,5,5“tetramethyl-3“hoxanol was carried out "by the use of the reaction 
descrlhed hy Moersch (reference 31) which is an adaptation of that used 
hy Heyd (reference 32). ‘ 

To the ■ Grlgnard reagent prepared from 326 gram atoms of magnesium 
and 3S5 moles of t-hutyl chloride, there was added 6815 grams (52.4 
moles) of methyl t-hutylacetate during 8 hotirs. The reaction mixture 
was refluxed 7 hours each day for 3 days and allowed to stand each night. 
Decomposition was caused hy dllxite- sulfuric acid (17 kg concentrated 
acid and 20 kg water and Ice). The' product was steam distilled, and the 
aqueous layer extracted with ether. The organic layers were comhlned 
and the ether removed In Column- 11. The residue was redistilled in Col- 
umns 24 and 7, yielding 6507 grams of carhinol collected at l66° to 
170° C.' This' is equivalent to 4l.2- moles or 79 percent yield. Moersch 
reported 85 percent yield (reference 31) • 

Dehydration of 2 , 2 , 5 . ^ - te tramethyl- 3~hexanol . - Three preliminary 
experiments were made on the dehydration of this carhinol and on the re- 
arrangement of the residting olefins. In one run> II7 grams (O.7O mole) 
of carhinol was passed over 256 grams (330 ml) of alumina (Baker Hydralo, 
lot 91942) at 300° 4o' 305° C at the rate of 47 grams per hour. The cat- 
alyst tube was '2.5 centimeters in diameter. The water recovered amounted 
to 10.8 ml (0.6 mole^ 86 percent). The product -was dried and fraction- 
ated In Column 17* The yield of decenes amounted to 70 percent (78 per- 
cent on hasis of carhinol consvaned), and consisted of 34.5 mole percoht 
2,2,5,5“tetramethyl-3-hexene, 35*2 percent 2,3,5,5"tetramethyl-l-hexene, 
and 30.2 percent 2,3,5>5"tetramethyl-2-hexene. 

In another experiment, I18 grams of carhinol was dehydrated under 
the same conditions, except' -that the rate was 98 grams per hour. In 
this case, a yield of i|^ percent olefins "(73 percent on hasis of carhinol 
consumed) was obtained. The mixture of olefins contained 34.8 percent 
2,2,5, 5" tetramethyl- 3-hoxene , 42 .0 percent • 2, 3 , 5 , 5 - tetramethyl-l-hexene, 
and 23.2 percent 2,3,5j5“'fe®'tramsthyl-2-hexene. 

To determine the extent of rearrangement of the olefins, a mixture 
of decenes was passed over the catalyst at 300° to 310° C at the rate of 
44 grams per hour. Analysis of the resultant mixture showed that the 
original mixture was Isomerized as follows; 2,2,5^5"'fcetramsthyl-3-hexene) 
from 13.5 percent to I6.8 percent; 2,3,5,5-tetrame'thyl-l-hexene; from 
46.2 percent to 31»2 percent; 2,3,5>5"'t©iramethyl-2-hexene, from 40.0 
percent to 52.0 percent. ■ 
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The hulk of the carhlnol was dehydrated In the manner used in the 
first experiment* The res\*ltant mixtvire was dried and distilled in Col- 
umn 5. The carhiriol recovered was recycled for dehydration. In this 
vay, ^999 S^*aBis of crude olefin mixture was obtained (86.6 percent yield). 
This mixture was separated roughly in Column 5 into concentrates ‘boiling 
121° to 127° C, 139° to 145° C, and 152° to 158° C, and Intermediate 
fractions. A sample (500 ml) of e^h hydrocarbon was redistilled in Col- 
umn 17 for preparation of pure compounds. The impure fractions from each 
of these distillations were returned to the appropriate concentrate. 

These olefins have been identified previously. (See references 3I end 32.) 


Evdrogenation «- Each of the olefin concentrates was hydrogenated 
separately, as was the combined Intermediate. The last two olefin con- 
centrates gave the same paraffin and were combined for distillation. 
Purification of 'both paraffins was accomplished in Column I8. The best 
500 ml samples from each distillation were redistilled in Column 17 > end 
physical constants were measured on the best samples from these dlstilla- 
tions. 


; 2,2,3,3-Tetra3j»thylhexane ■ 

This hydrocarbon, which was synthesized at Pennsylvania State College, 
was purified in these laboratories, ^en received, the sample (2 gal) 
contained chlorides which were removed by boiling with alcoholic alkali. 
The product was washed, dried, and fractionated in Columns I9 and 20. The 
best portion from one of these distillations was refractionated in Column 
17. Physical cemstants were ' determined on the best fractions from this 
distillation. 


*3,3,4,4-Tetramethylhexane • 


The method of prepetration of this decane is similar to that used in 
the preparation of 2,2,3,3-tetramsthylpentane, and involved the reaction 
between ethylmagnesium chloride and 2,3,3"trimethyl-2-ohloropentane. 


In the exploratory synthesis, 
^0 „ -20 


3-trimethyl-l-pentene (b.p. 108»34° 
to 108. 4o“ C, nD^° e 1.4170 to 1.4172) was converted to the chloride, 
2,3»3“trimethyl-2-chloropentane, by reaction with dry ^drogen chloride 
at -30° C. The product was fractionated in Column 4. The forerun of m- 
ohanged olefin was used in the preparation of more chloride. The chloride 
used in the coupling reaction was that collected between 8l° and 82° C at 
57 millimeters of mercury. 


To the Grignard solution prepared from 10 gram atoms of magnesium 
and 10 moles of ethyl ‘bromide, there was, added, - during 7 days, 9*3 moles 
(1382 grams) of the chloride. On the twelfth day the mixture was worked 
up. The ether wap removed from the organic layer and the residue refluxed 
6 hours with alcoholic alkali (10 percent KiOH) to remove chlorides. ■ The 
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washed, dried, chloride-free mterial was distilled in Column IT. A 
large run of the preparation of this hydrocarbon is in progress. From 
this run a considerably purer compound is expected. 


2,3-Dlmethyl-l-Butene and 2,3-Diiaethyl-2“Butene 

The preparation and properties of 2,3-dlmethyl-2-butene and 2,3“ 
dimethyl -.1 -butene have been reported previously in reference While 
the 2,3-dimethyl-l-butene reported was relativeDjr pure, the 2,3-dlmethyl- 
2-butene was decidedly Impure. The boiling range of the best sample of 
the latter was about 0.1)-° C, even after repeated fractionation} whereas 
other hj’-drocarbons prepared and reported in the same paper had boiling 
ranges of less than 0.01° C. The wide boiling range has been attributed 
to the presence of peroxides in the sample. This tendency to form perox- 
ides is much more pronounced in the 2,3“dlmethyl-2-butene than in the 
one isomer. Since both alkenes resxilt from the same reaction, the study 
of both compounds was repeated. The method of preparing the alkenes was 
dehydration of 2,3"dlmethyl-2-butanol by means of iodine. The carbinol 
was prepared by action of me thy Imagne slum bromide on methyl isobutyrate. 

Several batches of methyl Isobutyrate were made, in each of which 
90 moles of methanol and 30 moles of isobutyric acid were refluxed for 
6 to 8 hours with 15 ml of concentrated sulfuric acid. The product was 
recovered by adding water, extracting the unchanged acid by sodium car- 
bonate solution, and saturating the aqueous layer with salt to recover 
unused alcohol and dissolved ester. The combined, nonacidlc organic 
layer was distilled in Columns 3, -4, 5, and 6. Only constant-boiling 
(t0.1° C) materieil. was reserved for subsequent steps. The yield amounted 
to 71 percent of the theoretical based on original isobutyric acid. 

In a typical, run of the preparatlcaa of 2, 3-dimethyl-2-butanol 42 
moles of methyl isobutyrate was added to 90 moles of methylmagnesium bro- 
mide in 12 hours. After the reaction mixture had been allowed to stand 
for 15 hours, it vras warmed for 4 hours and then treated with ice and 
dilute hydrochloric acid. The organic material was dried and distilled 
in Col^mln 6. After ether and unchanged ester had been removed, tho car- 
binol was distilled at 78.4° to 78.6° C at I52 millimeters of mercury. 

The yield \vas 3120 grams (73 percent, based on ester) . 

The dehydration of 2, 3 "dimethyl -2-butanol was accomplished by heat- 
ing it with 1 gram of iodine per liter of carbinol. The olefinic mate- 
rial thereby obtained was roughly separated in Column 4 and consisted of 
approximately three parts of 2,3”dlii»thyl-2-butene and one part of 2,3- 
dlmethyl-2-butone . The residue from this distillation consisted of un- 
changed carbinol which had steam distilled during the dehydration step. 
This carbinol was returned to the dehydration process as it accvmulated . 
In this way, a praotioaJ.ly quantitative yield of alkenes was obtained. 
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Two charges of crude 2, 3”<iiBiethyl-2-‘butene were fractionated in Col- 
um 1. The middle cuts from these distillations, the fractions of which 
had a constant refractive Index (*0.00005), were comhined, and amoxmted 
to 3.6 liters of material. The 2, S-dlmethyl-l-hutene was fractionated in 
like manner, and 3*5 liters of material was obtained. The two hydrocar- 
bons were then subjected to distillation in Column 5 under conditions de- 
signed to destroy any peroxides present and to prevent their formation in 
the distillate. This was eecomplished by adding hydroquinone to the dis- 
tillation charge and by keeping the column, take-off, and delivery systems 
flushed with nitrogen. In this way, thirty-three 100-ml fractions of each 
hydrocarbon were obtained. 

For measuring the physical properties of these olefins the same appa- 
ratus and methods previously described were used, but care was exercised 
to dlspla.ce air in the apparatus with nitrogen during the determinations. 
Refractive indices were measured in the usual manner. Peroxide numbers 
(moles of active oxygen in 1000 liters of solution) were determined by 
the method of Yule and Wilson (reference 33) » 

For 2,3-dimethyl-l-butene, fraction I7 was used for determination of 
refractive index and density. The peroxide number of this fraction was 
0.03. Measxirements of boiling points of this olefin were made with frac- 
tions 16 and 19, The distillate from these determinations contained an 
unmeasurably small amount of peroxide. The freezing point of 2.3- 
dimethyl-2-butene was made on fraction 17 (O.07 peroxide number). 
Refractive-index and density measurements were made on fraction 21 (0.03 
peroxide number)', and boiling-point measurements on fractions I8, I9, and 
20 (0.04 to 0.06 peroxide number). The measured values of the properties 
are given in table 2. , 

Considerable difference of opinion exists regarding the freezing 
point of 2.3-dlmethyl-l-butene. Schmman and Boord (refeii^enc© 34) report 
a "melting" , point of -120° to -123° C on material having a boiling range 
of 0.4° C. Brooks, Howard, and Crafton (reference 5) report a freezing 
point of -l4o .1° C on. a sample of hi^ purity which, however, undoubtedly 
contained some peroxide. Klstiakows^ and coworkers (reference 35), 
using a sample having a boiling range of 0 .01° C for use in determining 
the heat of hydrogenation, reported that the material congealed to a glass 
at low temperatures. Two attempts were made in this work to freeze sam- 
ples which were peroxide-free, but. both were tneuccessful . An attempt to 
freeze samples recovered from the boiling-point distillates, which had 
been exposed to air for 2 weeks also failed. Attempts were made to freeze 
samples containing small amounts of 2,2,4-trimethylpentane,* those s^ples 
containing O.58 and 2 '.4 mol© percent of this impurity -failed to freeze. 

One sample containing 1.43 mole percent 2,2,4-trimethylpentane gave an 
Indefinite freezing point at -145.4° G. This value seems to substantiate 
the previous value of -140.1° C (reference 5) aiid woiild indicate a very 
low heat of fusion, which may be a controlling factor in the determination 
of the freezing point. 
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The presence of peroxides caused a marked change in the toiling 
ranges of these olefins. When samples of pure 2,3-<?-im©‘thyl-l-'butene 
were distilled in the toiling-point apparatus, the otserved temperature 
changes (from 20 to 80 percent distilled) were less than 0.004° C. The 
same material, after exposure to air for 2 months showed a distillation 
range (20 to ,8o percent) of 0,11° C. Still more pi’onounced is the effect 
of peroxides on 2,3'-dimethyl-2-‘butene. Samples containing a smell quan- 
tity of peroxide (peroxide number 0.04) distilled over a range of 
0.007° C or less, but after this material had accumulated peroxides for 
10 days tlie distillation range was found to be 1 . 03 ° C. 

In order to determine the .rate of peroxide foimatlon mder normal 
laboratory conditions, samples of purified alkenes were allowed to stand 
at room temperature in contact with air. Periodically, portions were 
withdrawn ■ and analyzed for peroxides. The resuH.ts of these ana lyses are 
given in figures 3 s^id 4. The great difference in rates of peroxide for- 
mation in the two compounds may be seen in. the comparison given in fig- 
ure 3. 


3-Methyl-2-Pentene (die and trans) 

The two geometric Isomers of 3-methyl-2-pentene were prepared by 
dehydration of 3-methyl-3-pentanol, which was formed by action of ethyl - 
magnesium' chloride on 2-butanone . 

To 53.8 moles of e thy Imagne slum chloride was added 55 moles of 2- 
butanone in 5 liters of ether. The yield of carbinol (b.p. 75° to 8o° C 

at l42 mm Hg) was 4o percent of the theoretical. The carbinol was dehy- 

drated with 3 -naphthalene sulfonic acid to yield a mixture of olefine. A 
charge of 2240 ml of the washed, dried olefin mixture was fractionated in 

Column 2, which gave 240 ml of the .lower-boiling (els ?) and ^60 ml of the 

higher -boiling (trans?) isomers. Physical constants were measured on the 
best samples of each isomer. Analysis of the distillation ou3T7e showed 
that the original mixtiure contained 9.6 percent (by voluroe) of tho lowor- 
boiling and 74 percent of tho higher-boiling forms. 

The identification of these two olefins as els and trans 3-methyl- 
2-pentene, rather than the Isomers 3 -methyl- 2- pent ene and 2-ethyl-l- 
butene, is based primarily on mass spectrometer studies. The two pat- 
terns formed by analysis of the compounds obtained are very nearly iden- 
tical. No third component was isolated from the distillation, although 
it is probable that one was present in small quantity. 


Investigation of Diisobutylene 

It was necessary to isolate l^ge quantities' of the two dllsobutyl- 
enos, 2,4,4-trlmethyl-l-penteno and 2,4,4-trlmethyl-2-pentene, in order 
to provide samples for engine ■ studies and for the syntheses of 4,4- 
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dlmethy'l-2-psntanone and trlmethylacetlc acid "by oxidation. For this 
purpose, a considerable q.uantit3r (450 liters) of the coimnercial mixture 
was systematically fractionated. 

The original material was separated into five "cuts" or concentrates 
by fractionation in Column 11. Because of the limited pot capacity, it 
was necessary to perform this operaticai in batches. Corresponding cuts 
from each batch ^rere combined. The data on these distlllatione are sum- 
marized in table 4. 

Cut A (forerun) comprised an azeotrope containing a sm al l quantity 
of 2,4-4-trimethyl-l-pentene with butyl alcohol, along with other polar 
compounds. This cut was not extensively investigated. 

Cut C (58 liters), the intermediate between cuts B and D, was re- 
fractionated in Column 11 to yield 34 liters of 2,4,4-trlmethyl-l-pentene 
which tras combined 1-71 th cut B, l4 liters of intermediate which was not 
further Investigated, and 9 liters of residue which was added to cut D. 
The augmented outs B and D were then designated as Brl, and D-1, respec- 
tively. 

Cut B-1 (298 liters) was found to be about 96.7 percent pure 2,4,4- 
trlmethyl-l-pentene,* its freezing point was -98.5° C. A 170-llter por- 
tion from the middle of this cut was refraotionated in three runs and 72 
liters of purified 2, 4, 4-trimethyl -1-pentene was obtained, comprising 
fractions with freezing points in the range -93*59° C to -93^55° C. 
Physical constants were measured on one of the fractions of -93*55° C 
material. These constants agree with those reported by Tongberg, 

Pickens, Penske, and Whitmore (reference 38) . This compound has been 
identified by ozonolysls by Whitmore and Church (reference 26) . 

Cut D-1 (95 liters), a concentrate of 2,4,4-trimethyl-2-pentene, 
was refractionated in two runs. Prom these distillations, there iras ob- 
tained 49.3 liters of high purity 2,4,4-trlmethyl-2-pentene, composed of 
fractions with freezing points frcan -106.62° to -106.58° C. A portion 
was refractionated in Column 1 for isolation of a sample for physical- 
constants measurements. This compound was also characterized by Tongberg 
and others (reference 38), and Identified by Whitmore and Church (refer- 
ence 26) . 

The residue from distillation of cut D-1 was •fractionated in Col- ■ 
umn 1. Prom this distillation there were obtained two concentrates, 
designated as D-2 and D-3* 

Cut D-2 (745 ml, b.p. 106.8° C, = 1.4149 to 1.4152, 

d^ = 0.7265) was probably an impure sample of 2,3,4-trlmethyl-l-pentene. 
Kuykendall (reference 37) obtained the. following properties for this 
compound; b.p. 106.7° to 107.7° C, dd^° = i.4146, d^° = O.726. 
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Cut D-3 (8o4 ml, -b.p. 108.0° C, nj^^o = 1,1^162 to 1.4171, o 0.733) 
was a complex mixtui’e in which 2,3,3"trlmethyl“l-penten0 was the probable 
major component. This partial identification is made by a conparison, of 
the physical properties of cut D-3 with those of the 2,3,3-trimethyl-l- 
pentene Isolated from Shell Hot-Acid Polymer, (See next section.) Since 
only small quantities of these cuts (D-2 and D-3) were aTallable, no ex- 
tensive Investigation was made on them. 


Cut E was combined with the residue from the preliminary fractiona- 
tions. The combined material (27 liters) was fractionated in Column 11, 
and yielded 3*8 liters of 3,4,4-trimethyl“2-penteno (els and trans) (b.p. 
112.0° to 112.6° C, nj3^° = 1.4235, d®°= 0.739) and 4.5 liters of 2,3,4- 
trimethyl-2-pentene (b.p, H.6.1° to H6.2° C, np^° = 1.4275, d*-° = 0.7428), 
These two compounds were identified by comparison of their physical prop- 
erties with tliose of pure 3,4,4-trimethyl-2-penteno and 2,3,4-trlmothyl- 
2-pentone. The pure compounds were obtained by the distillation analysis 
of Shell Hot- Acid Polymer and by dimethyl- zinc synthesis. Part of this 
sample of 3,4,4-trimethyl-2-pentene was oxidized to plnacolone. The en- 
tire sample of 2,3,4-trimethyl-2-p0ntene was hydrogenated to 2/3, 4- 
trlmethylpentane (b.p. 113.41° 0, nj)^° = l,403o to 1.4o4o). ■ 


An approximate analysis of the original dilaobutylene (gas-free 
basis) was made by examination of the distillation curve's. OTils mixture 
was fomd to contain: 


2.4.4- tr Imethyl • 

2. 4. 4- trimethyl' 

3. 4. 4- trimethyl • 

2. 3. 4- trimethyl- 

2 . 3 . 4- trimethyl■ 
2, 3, 3-trimethyl- 
Other ootene(s) 
Polar compounds 


1- pentene 

2- pentene 
2-pentene 
2-pentene 
1-pentenel 
1-pentenej 


70,0 percent (by volume) 
18.7 

4.6 

3.7 
1.0 
2.0 ■ 


investigation of Hot-Acid Polymer (Shall Oil Company) 
(Unfinished project)- 

The investigation of Hot-Acid Polymer was undertaken to Isolate and 
purify some of the major constituents. The general method of operation 
was the same as that used in the Investigation of diisobutylenes, but for 
this work more efficient, hl^er-capaclty stills (12, I3, l4, and I6) 
were available. 

A -total of ,104l liters of crude polymer -was subjected to preliminary 
fractionation in five batches. Corresponding outs from the several 
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"batches were oomhined. In this way, the polymer was divided into five 
portions, llie data on these fractionations are given in ta"ble 5« 

Cut A, which contained "butanol-2 was not further investigated. Like- 
wise, the residue has not "been studied. 

By refractionation of cut B, there were isolated the foliowing mate- 
rials: 

Cut B-1 - 1G3 liters, 2,U,l(-trimethyl-l-pentene, "b.p. 101.1® to 
101.3° c/755 mm Eg, n^^® = l.iK)81t to 1.4o86 

Cut B-2 - 9.5 liters, a mlrbure of close-"boiling olefins, "b.p. 

107.0° to 107.1° c/756 mm Hg, n]j^° = 1.4l41^ to 1.4l46 

Cut B-3 - 8.0 liters, 2,3,3"trimethyl-l-pentene, "b.p. 108.0° to 
108.1° C/753. ma Hg, nj)2° = 1.4173 to 1.4175 

A considera"ble amount of material "between B-1 and B-2 has not yet 
been investigated. This intermediate contains 2,4,4-trimethyl-2-pentene, 
associated with at least two other compounds with "boiling points near 

105° C, 

Cut B-2 was refractionated. The presence of several compounds is 
Indlc^ated by the distillation data, A sample of B-2 was hydrogenated, 
toalysis of the product showed the presence of about 30 percent 2,2,3- 
and 70 percent 2,3,4-trimethylpentanes. 

Cut B-3 was refractionated for isolation of a sample suitable for 
physical-constants measurements. A sample of this material was oxidized 
to methyl t-amyl ketone (b.p. 130.8^ to 131.2° C, = 1.4201), of 

which the 2,4-dinltrephenylhydrozone melted at lil° to 112° C. Hydroge- 
nation of a Sample yielded 2,3,3"trimethylpentane (b.p. 114.5° C, 

1^20 = 1 . 4073 ). 

Purification by refractionatlcn of cut C gave 100 liters of purified 
3,4,4-trimethyl-2-pentene (b.p, 111.7° to lll,9°c/751 mm Eg> nj)^° = 1.4231 
to 1.4233). The best sample from this fraction was used to determine 
the physical constants. The presence of cis and trans isomere, which 
were only partially separated by the fractionation, causes the wida boil- 
ing range. It is thought that the sample reserved for physical-constants 
measurements contained more of the higher-"boiling (trans?) isomer than of 
the lower-"boiling compound, (Oxidation of this "compound "by sodium dichro- 
mate produced pinacolone in 36 percent yield.) 
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Redlstlllatlon of l20 liters of cut D g&re 45 liters of 2,3,4- 
trimethyl-2~pentene (b.p. Il6.0° c/754 mm. Hg, = 1.4271 to 1.4272). 


National Bureau of Standards, 

Vashlngton, D. C., July 15, 1946 
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IS H 13 
14 


18 

19 4 20 
SI 

22 to 25 
SS to 27 


Total rafluK, 
Intend, ttent 
take-oTf 


Total renm, 
TarlaUe talce-off 


do 

Sephlegmator 
eontroUad take- 
off 

Total rafl^cc, 
■varlatle take-off 


600 4.0 

(see text) 

150 tj 2.0 

150 ky 2.0 



12X ky 2.5 
250 ky 2.5 
120 ky 3.5 

183 ky 2.5 
183 ky 2.5 


Paoklng 


3/16-lnoh pyrex helloes 
3/lg-liieh glass helloes 


3/32-lnoh stainless- steel hel- 
loes fxon 0.010-lnoh vlre 


3^g.lneh glass helloes 

....... — -do ....... 

l^£-lnoh nlohrcae helloes fXca 
0.010-lnoh vlre 

3/64-lnoh stainless-steel hel- 
loes from 0.00€5~liu:k vlre 

Sash oheln 

90 oentlneter l/s-lnch oarkon 
rasohlg rings, then 510 oontl- 
Mter 3/3S-lnoh stainless- 
steel helloes from 0.010-lnoh 
vlre 

3/8-lneh poroelaln rasohlg rings 

50 oentlneter 3/8-lnoh poroelaln 
rasohlg rings, foUoved ky 1550 
oentlneter 3/32-lnoh stainless- 
steel helloes froa. 0 .010 Inoh 
vlre 


Eell-grl4 


3/lg-lnoh glass helloes 


3/32-lnoh stainless-steel hel- 
loes frcm 0 .010-lnoh vlre 

3/16-lnoh glass helloes 


Pot oapaolty 
(■ 1 ) 


5000 

200 to 5000 


40.000 

75.000 


227,000 

227,000 


113,000 

250 to 5000 

250 to 5000 
250 to 5000 
22,000 

500 to 5000 
500 to 5000 
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TABLE 2 PHTSICAL PROPERTIES OF OOUFOUMD PREPARED 
[Toluee axe bellered to be pxeclee to witbln & lev unite In the laet place glven^ 


Compound 


Preoflinc 

point 
In air 

f»o) 


Bolling 

point 

at 760 M Ef 

(•o; 


ItB/jP 
7^0 cm St 

(»0/« Bg) 
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tliy 

a?/it 

20-80^ 

(•0) 

«t 20*0 

f«/m) 

at 25»0 

f«/l) 

20-25«C 
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0.017 




0.002 

0.^285 

0.64e48 
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0.004 

0.66438 


E 

0.64925 


0.002 

o.$5io 

0.^0 

0.66879 
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0.67315 
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0.71931 

0.715S 
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0.7160s 

0.71201 


O.OOW 

0.72621 

0.72229 
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0.71555 

0.7117s 
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0.70711 

0.70313 


0.021 

0.72191 

0-71792 
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0.73478 

0.73100 
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0.737S 

0.75676 

0.73415 



0.75500 



0.73915 

0.75^ 

0.73537 



0.75112 



0.76450 

0.735fe 

O.760BO 


0.011 

0.73165 


0.004 

0.71S75 

0.71480 


0.57 

0.7824 

0.7769 


0.012 

0.75826 

0,75460 


0.039 

0.78009 

0.77675 


0,052 

0.76702 

0.76362 


0,16 

0.6942 

0.6898 


0.17 

0.Q86 

0*69^ 
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0.67792 

0.6^12 


IKESS 

0.70795 

0.70336 


0.27 

0.7352 

0.7308 



0.71500 

0.71076 


0.082 

0.74342 

0.73914 


KE2U 

0.72124 



0.42 

0.7392 

0.7350 








0.30 

0.75*7 

0,7627 

0.75>*9 


0.88 

0.7591 


0.073 

0.74392 

0.73997 


0.060 

0.7561 

0.7521 


0.037 

0.73614 

0,7448 

0.71228 

0.7W7 


0.185 


0.34 

0.7659 

0.7622 


0,010 

0.71673 

0.712S3 


0.039 

0.34 

O.768O 

o.7§7 

0,7^1 


0,22 

0.7710 

-0.00077 

0.30 

0.7267 

0.8286 

0.6243 

-0.00086 

0.042 

0.8236 

0.8193 

-0.00086 



0.8350 



0,70 

0.8588 

0.B543 

Ejfljjjjll 

1.55 

0,8572 

0.8526 


0,55 

0.8565 

0.8523 


0.77 

0.8632 

0.8591* 


0.3s 





0.80654 

0,80229 


0.010 

0.82409 

0.82027 


0.061 

0.85467 

0.84952 


— 

0.9066 



— - 

0.9105 

0.888 

0.9065 

-0.00080 

— 


1 




Is/dt 

at 20«0 

at 25*0 

20-25«C 




1.35746 

1.354* 

-0.00053 

1.35357 

1.35067 

-0.00058 

1,3714i 

1.37646 

1.36866 

1.37376 

1.36^ 

-0.00055 

-0.00054 

1.36873 

-0.00058 

-o.ooo49 

1.39193 

1.30165 

i.uoi(03 

1.38950 

1.37903 

1.40173 

-0,00053 

-0.000^ 

1.40280 

1.40052 

-0.00046 

1.40757 

1.40521 

-0.00047 

1.40328 

1.39956 

1.4o€oi 

1.41227 

1.40095 

l.«724 

1.^65 

l»4ioi4 

-0.00047 

-0.00047 

-0.00047 

-O.OOOS 

1.41462 

1.41146 

-0.00045 

•=1.42146 

-0.00044 

1.41242 

-0.00044 

1.42222 

1.42812 

1.42005 

1.42606 

-0.00043 

-0.00041 

1.41321 

1.41093 

-0.00046 

1.40W 


-0.00047 

1.1q6S 

-0.0004 

1.42465 

1.42246 

-0.00044 

1.43606 

1.43412 

-0.00039 

1.43069 

1.42868 

-o.ooo4o 

1.4016 

1.4o45 

1.39044 

1.3989 

1.4016 

-0,00054 

-0.00054 

1.38745 

-0.00060 

1.41221 

1.40944 

1.4151 

-o..oo(y?i 

1.4174 

-0.00047 

1.40856 

1.1^ 

1.4o601 

-0.00051 

1.42500 

-o»ooo4t 


1.41350 

-0.00050 

1.4^5 

1,4210 

-0.00050 

1.4299 



I.4306 

1.4283 

-0.00046 

1.43s 

1,4386 

-0.00049 

1,42346 

1.42112 

-0.00047 

1.4309 

1.4285 

-0.00049 

1.41669 

1.41431 

-0.00048 

1.4226 

1.4203 

-0.00046 

1.4374 

1.4351 

-0.00048 

1.4ii48 

1.40890 

-0.00052 

1.4577 

1.45S 

-0,00047 

1.4559 

1.>0S8 

1.4539 

-0.00040 



1,4186 

1.4163 

-0.00046 

1.4170 

1.^52 

1.4i48 

-0.00044 

1.4416 

-OJX!045 

1.4439 

1,4429 

1.4405 

-0,00047 

1.4405 

1.4428 

-0,00047 

1.4480 

1.4458 

-0.00043 

1.40596 

1.40389 

-0,00042 

1.41927 

1.41712 

-0.00043 

1.39061 

1.36821 

-0.00048 

1.4441 



1.4457 

1.438 

1.4436 

-0.00042 




Date 

flret 

preparation 

oonpleted 


n-Pentone 
^^eth/lbutana 
2p 8^lBethylproi»ano 
k^Kethylpantana 
3**Kethylpantana 

2. 2- Sl»athyl1>utaiie 
2,1>J)lnethylpentana 
2f V-Z>lQathylpon tana 
3^ethyl-3*’Othyipeoione 
2, 2,3-Trinathylpentone 
S| 3 i^-Triiiiothylpontana 

2. 2, ^Trimathylhexana 

2. 2, ^rimeth/lboxana 
St 3 1 ^Trinathylhexana 

2. 2- !>iBethyl-3-ath]rlpantona 

2»^l-JUmath7l-*3**Bt!7lpentona • 

2f 3 t^Totranatbrlpcntaae 
S* 2,3 »^Tetroni«tl^pcntane 
S»3 13 » ^Tatromathsrlp intone 
S| 2|3 t3~I^^i^cjn<>tbylhe:tana 
Si 2,4,^Iatramcth7'lheano 
S»2,4,^Ietroneth7lhexnne 
3 »3 » 4, ^Tatraaath^lhcxane 

2.4- Dlaath]rl-3*‘ieopropgrlpentane 
S, 2,3,3, ^Pantaaethylpentane 

2, 2,3 , 4, ^f-Pantonathjrlpentana 

3-Kathyl-2~pentene (L.3.Z*) 
3‘^atbpl-2-pantona (E,B*Z») 

2.3- DlKeth/l-l-butanc 

2.3- J)inieth7L-^batene 

2.3 , Vf xlcathpl'^pantana 

2.4.4- £rlmath]rL-I-patttena 

2 . 3 • ^Trimatb7l~2»pent ana 
2»4, 4-Trlnetb7i~2-pentand 
3i4,4>^iaatb7l«-2«p«ntana (OT) 

2«3 • *hTrlQ4thyl-2-h<xene 

2«3*3 • 4~9etraaathyl>l«9antana 

4^athjrl>3-l aoproppl-^P«nt ana 

2«4>Dinatbyl~5~otharI~3«pentena 

4,4~Z)lmetbjrl-3~abliyl-^penten8 (C9) 

3 ■ 3 '’S^inetb 7 l~&*i sopropTl-'l^'but ana 
2»3 , 3i 3-Tatraaetbylr-l-hexana 
'2,3«3t^etraaoth7l>a-haxana 

2.2.3, ^atranathyl-3-haxena (OT) 

2. 3 . 3 • % ant wneth^l-l-pent ana 
2,4^i&etbjr2^3~^8opropyl-^ponten«j 
3r3**PiB*thyZ^^t~batyl~l~'batane 

2.3- ^ lost bjrlF-l,3-'butadlana 
3-^ath7Z~3-*P*atanol 

2.3- ^laethyl-2>^ta£ol 

3 

2, 4-01aathyl-3-athyl-3-<pentanoI 


-129.75 

-infeo 

-1S.73 

nf 

ib -loo.oS 

nf 

-119.86 , 
-li4.g4(HP) 
■ -112.32 I 
-101.6 I 

-123.4(11?] 
-105.89(H?) 
-127.9 
-99.30 
-122.4 
-10.04 


#5 1 ^^^ast]i]rl^3— 4czanol 
:,4^1aathyl-3-athyl-3-<pa 


2, 2-SiEiathyl~3-*th/l-3-pentanol 

2 .2.3. 4- TetroDeth7l»3-pentanol 

2. 4- Dica tbjrl~3-i 80prop7l-3-P*atanol 
2, 2,3 , 4, 4~Pantoneth]rl»3-pantanol 

2, 2, 4~Irlcethyl-3*^entanono 

2. 2. 4. 4- SetrQnetbyl-3-pantanone 

Ethyl Srioethylaoetate 

3~Chloro-2, 2,3~Trlnatbylpantana 

2- Chlor<^2,3 t^-TrLiethylpantona 
^0hlor^2, 3 t^Trloathylpentonel 

3- 0hlero-2, 3 , 4-Irinattylpeatanaf 

L>Cbloro-2, 3 -DiD 0 tbyl~^ butane 


-.10,4 

•*l6«0 

-19.0 

+12.9 

-14.7 

•4(2.1 

-29.02 

-25.24 

-09.55 

-17.9 

•(• 10.6 


36.075 

27.053 

6?:iS 

63.265 

49.733 

89.787 

SO.508 

115.65 

109.847 

114.767 

126.54 

124.092 

131.37 

i33.C>t 

136.717 

140.264 


-122.2 

133.010 

-102,14 

iia.544 

-54,03 

160.310 

af 

147.875 

-12.64 

137.457 

nd 

170.0 

-01.75 

157.042 

-36.49 

166.05 

-38.81 

159.29 

-135.4 

67.8 , 

-138.5 

70.5 

nf 

55.641 

-74.30 

73.206 

nf 

108.4 

-93.56 

101.437 

-113.30 

116.26 

-1S6.5L 

104.9i4 

nf 

112.3 




58 (* an] 


133.2 

nf 

138.0 



-63.5 

129.97 


88 (200 ml 

nf 

134.03 1 


84 (150 m 

-78.2 

122.21 

nf 

142.8 

nf 

156.2 

-4.75 

125.013 

•(•38.65 

158.75 

-55.3 

152.4 

-62.9 

150.3 


68.5-71.5 

S },6 

122.4 


0.0380 
0.0306 , 
^ 0.0361 

0.0418 
. 0.0426 
“ o. 04O7 
0.0450 
0.0431 

0.0477 

0.o4S7 

0.0491 

0.09D3 

0.0485- 

0.o492 

0.0506 

0.0504 

0.0512 

0.0511 

0.0514 

0*0538 

0.0512 

0.0500 

0.046 

0.0544 

0.0552 

0.0537 

0.039 

0.057 

0.04g 

0.0424 

0.05 

0.0459 

0.0493 

0.0470 

0.05 


80 (150 mn) 
US.4 [ 

76 CI50 B>] 
71 (25 mil 

177,9 
96 (50 : 

174 ^ 

94 (50 m)| 

M 

109 (50 mnW 
194.4 

136.150 
153.521 

110.35 

87 (62 I 

ll.8i^ (60 


0.051 

0.046 

0.0459 

0.0466 

0.0502 

0.049 

0 ,o 49 

0.0480 

0.054 

0.051 

0.052 


0.039 

0.037 

0.JA8 

0,05 

o,o 4 t 

0,051 

0,059 

0.0485 

0.0521 

0.0453 


oO 


32 ( 45 Kft) 


January 194l 
Daceober 1939 
ipni 19U2 
January 1944 
Xoreabar 194o 
Kay 1S4I 
Aueoat 1941 
Kay 1941 
January XOUl 
juaeuat 1941 
October 1940 
October 1942 
July 1941 
Juno 1941 
Saptfliber 194a. 
SoYember 1940 
June 1941 
July 1941 
XoTeaber 1941 
loreaber 1945 
October 1945 
Aufttat 1945 
ioeuet 1945 

Karoh 19^ 
Pebruary 194a 
October 1944 

Saptenbar I942I 
SepteDber 19421 
Tebniary 1944 

October 1943 
April M45 
Juna 1943 
July 1942 
July 1943 
Jtily 1942 
October 1940 

lloraebar 1941 
ia<uat 1940 

iufutt 1940 

Attiuat 1941 

Ootobar 1941 
July 1949 
July 1945 
July 1945 
Sapteobor 1944 
Pabruary 1945 
April 1944 

Kay 1940 

iucuat 1941 

Oetobar 1943 

July 1941 
July 1940 


July 1941 

July 1941 

Seoeabar 1944 

Pabruary 1944 

June 1941 
January 1944 

Juna 1941 

July 1942 
June 1945 
Auenat 1942 

Key 1940 


^ Sytabole: nf, material became very vlecoue or glaney without freesing 
to a oryetolllne eolid: nd, material ooneldered too Inpire to warrant 
determination of freezing pointj UP, melting point} L.B.I., lower-boiling 
geometric isomerj nigner-bolling geometric ieomer} OT, mixture 

of geometric ieomere. 


Bee refaranoe 6. 


^ Bee reference 4« 

^ Oaloulated fro.-c data given In reference 13. 

^ The refractive indlcoe of B,2,3,3-tetramethylpentane were determined 
bv Ur. Leroy Tilton on the Optical Inetrumenta Section of this Bureau. 
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TABIE 3.- HXnROCARBOBS JSOOaBD I«0M '•BDT131S AEZTLAIE'’ 


gydrocarhOTL 

Bolling 
point at 
760 BU Hg 
Cottrell) 

Hefraotlve 
Index, njj®® 

Volxoae 

Isolated 

w 

yolune (percent) 
of total 
Butane 
Alkylate^ 

Isopentane 

2T.9 

1.3531 to 1.3533 

728 

0.97 

2 , 3 -Dlnethjrllnitane 

57.9 

1.37^»9 to 1.3752 

2,213 

2.97 

2>4(ethylpentane 

60.2 

1.3714 to 1.3716 

224 

.30 

3 •Methsrlpentane 

63.2 

1.3761 to 1.3763 

224 

.30 

2,4-Dlmethylpentane 

80.5 

1.3815 to 1.3020 

2,610 

3.44 

2y 3”l)lneth;7d.p«itane 

89.9 

1.3912 to 1.3920 

1,034 

1.37 

2,2 ,4“Trlmeth7lpentane 

99.3 

1.3912 to 1.3915 

11,727 

15.48 


^The data In this coltm repcresmit the snomt Isolated haring the properties 
shorun. It does not constitute an exact analjrBls of the crude* 
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TABLE k,- umsicir OF DnSOB U CT Liare BT PEELDaKART JRACTICMATiasr 


CJI 

Oi 


Cttk 

Tolima 
(11 tars) 

TolxDDs per- 
cent of total 

Bolling range^ 
(^) 

Befractl^ index. 

Major constltaents 

A 

14 

3J. 

Boloir 101.5 

1.392 to 1.4082 

2, 4, 4-Trl]iBtb7l-l-peDtene, 
tutjl alcohol, other polar 
cGogponnds 

B 

264 

57.8 

101.5 to 102 

l.J»084 to l.»t 088 

2,4,4-TrlMothyl-l-pottteaie 

C 

58 

12.6 

102 to 104 

1.11094 to 1.4127 

Ihteznedlate, nlxtxre of 

2,4,4-trl»ethyl-l- and 2 - 

pentenes 

B 

85 

i8.7 

104 to 107 

1.4150 to 1.4lS0 

2,4,4-Trlnethj’l-2-pentene, 
end bbbU quantities of 2,3,4- 
and 2,3,3-trlieBthyl-l- 
pentanes, anA other octanes 

B 

27 

(lnolxd.es 

recddtte) 

6.0 

(Includes 

residue) 

107 to 117 

1.4207 to 1.4238 

2,3,4-Trlaethjl- and 3»4,4- 
trlnstbjl-2-pentenes 

Goa and 
loss 


1.8 





^ttr®U l)olllng-polii* aaag p remwocbq on first and last fractions. 
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TABLE DIVISIOT OF WI ACID FOLIMEEt BY PEOELIMIBABT mcnOSATION 


Cut 

ToItsss 

(liters) 

Tolmu per- 
cent of total 

Bolling rangs^ 

rc) 

PofraotlTo Index, 

Beoarks 

A 

38 

3.7 

< 101 

< 1.408 

Pocwun 

B 

200 

24.9 

101.0 to 101.7 

1.4o8 to 1.420 

2.4.4- Trln8thyl- 

1-pentene 

2.3.4- Trl»9tJJTl- 
1-pentene 
2,3,3-TrlB»thyl- 
1-pentene 

C . 

2U6 

23.6 

110.1 to U2.0 

1.421 to 1.423 

3 ,4, 4-Trla»t4yl- 
2-pentme 

B 

1^, 

1£.2 

113.0 to 116.0 

1.425 to 1.426 

2, 3, 4-Trljaethyl- 
2-pentene 

E 

Oas and 
lOSB^ 

208 

L -- 

20.0 

11.6 

> 116 


Besldne 


^3afctrell 'bollliig-polnt aBasuraBKits on first and last fractions. 

% preliminary distillation of 2 liters Indicated orer 10 percent gas. 
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FlBura 1.- Freaelng point of 2,3,5,5-t8trBii0thylliejtane. 
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2,2,5, 5— T etr amethylhexane 


760.90 mm bg 





40 60 

Raoovery, percent 


2 , 2 , 4-Tr Imetbylbexane 


P - 745.91 mm bg 





40 60 

Recovery, percent 


2,2,5, 5-Tetrametbyl-3-bexene 



P - 747.11 mm bg 


40 60 

Recovery, percent 


2,4, 4-tr imetbyl-l-pent ene 


P “ 761.81 mm bg 


o 6 o A o 9 o 


20 40 60 80 

Recovery, percent 

Pigure 2.- Boiling point of four representative hydrocarbons. 
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Paroxida numlier, nolaa aotlva oxygon/10130 lit or* 



rigB. 3,4 



